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ABSTRACT  
Using the STEBI-B tool in a pre/post-test setting is common in educational 
research when measuring the influence of course work on the science teaching self-
efficacy of preservice elementary teachers.  This study was the first to use the STEBI-B 
in conjunction with a self-reflective tool to evaluate the influence of a required science 
content course on the science teaching self-efficacy of 54 preservice elementary teachers.   
Concurrent collection of three sets of data happened at the beginning and at the 
end of an Inquiry into Earth & Space Science course designed for preservice elementary 
teachers.  The self-reflective instrument measured science-teaching self-efficacy from a 
quantitative standpoint by having the participant rate their confidence towards teaching 
science on a scale from 1-10.  The participants also provided a justification for their 
rating, which provided the qualitative data for this study.  The mixed method design of 
this study captured the results from the quantitative and qualitative analysis of the data.   
The results of the quantitative analysis found that although both the STEBI-B and 
the QUAN-SR instruments showed significant increases (p < .001 for both) in the 
preservice teacher’s science teaching self-efficacy from beginning to end of the test 
period the correlation of these data showed mixed results.  There was little correlation 
between the normalized gains of the STEBI-B and the normalized gains of the QUAN-
SR data for all 54 participants, r = .260.  There was, however, a large correlation between 
the STEBI-B scores versus the quantitative self-reflective scores for two of the 
demographic groups, the participants who were juniors and the participants who had 
taken two previous science content courses, r = .806 and r = .716 respectively.  These 
two groups represented the more experienced preservice teachers in the study making 
 
 
their understanding of self-efficacy more comprehensive.  Because of their robust 
understanding of self-efficacy, their quantitative self-reflective scores supported their 
STEBI-B scores.  The conclusion drawn from these results was that the STEBI-B 
instrument might do a better job of measuring the science-teaching self-efficacy level of 
the more experienced preservice teacher.   
In analyzing the qualitative self-reflective data of the 54 participants, I used a 
constant comparative analysis.  Qualitative responses by the participant indicated what 
factors the preservice teacher had identified as influencing their science teaching self-
efficacy.  The five categories of factors that emerged from the data were Cognitive 
Knowledge, Experience as a Student, Emotional State, Experience as a Teacher and 
Outside Factors.  These five categories tie in closely with the six sources of self-efficacy 
discovered by Bandura (1977) and Palmer (2006).   
The fact that the Experiences as a Teacher Category was the least cited category 
in this study was of concern from a science educator’s standpoint.  The factors in this 
category, according to previous research (Bandura, 1977; Palmer, 2006), should be the 
most influential factors in predicting self-efficacy.  For them to be the least important 
means the science content coursework has room to improve its influence on science 
teaching self-efficacy by including activities that give preservice teachers more 
experience teaching.  In light of these results, this research suggests that all science 
content courses required for preservice elementary teachers should include a teaching 
component.  This would give the preservice teachers a more robust learning experience in 
turn increasing their science teaching self-efficacy to a larger degree. 
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CHAPTER 1 
INTRODUCTION 
There is an alarming trend these days in the field of science education here in the 
United States.  The trend is that fewer college students are choosing to take science 
coursework during their studies and those that do are not achieving the same level of 
success as their international counterparts (The National Center for Educational Statistics, 
2000).  The National Center for Educational Statistics (2000) reported that low numbers 
of students are taking additional science course work at the high school and college 
levels.  The concern raised in this article is that this will lead to fewer and less qualified 
people choosing science careers in the not too distant future.  If this does happen, it 
would have a disastrous effect on our economy (The National Center for Educational 
Statistics, 2000).  In addition to this statistic, the final report of the National Commission 
on Mathematics and Science Teaching for the 21st Century (the Glenn commission) 
concluded that the education of math and science students in the United States is 
unacceptable (Glenn, 2000).  Not only do we have fewer students taking science classes 
in the United States but those students who are taking these classes are losing ground in 
both math and science achievement to their international counterparts (Glenn, 2000).  The 
data from the 2003 Trends in International Mathematics and Science Study (TiMSS) 
confirmed the concern that students in the United States are not keeping pace in math and 
science with students from other countries (Gonzales et al., 2004).   
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Importance of Elementary Science Teaching 
The Glenn commission (2000) suggested that one of the mechanisms for 
improving the achievement of our students in both math and science is to improve the 
math and science teaching at the elementary level.  In order to accomplish this, they 
stressed the need to improve primary teacher preparation in both math and science so that 
teachers feel confident when they reach the classroom: confident with the content 
knowledge and confident in their knowledge about effective teaching methods (Glenn, 
2000). 
In support of these suggestions to improve the science teaching at the elementary 
level, Beane research (1988) suggests that the attitudes and achievement of students in 
elementary science classes could dramatically improve with the right kind of experiences.  
The Glenn commission (2000) reported elementary science is the slowest educational 
level to change from the traditional less effective ways of teaching science to the newer 
more student centered inquiry approaches.  The commission also found that more often 
than not, elementary science is where: “most science students spend much of their time 
learning definitions, or the labels that apply to natural phenomena and scientific 
processes” rather than being taught using the more conceptual inquiry teaching methods 
that the students find motivating, fun and exciting (Glenn, 2000, p.17).   
Shrigley (1974) suggests that the lack of innovative exciting science instruction at 
the elementary level is in part due to the less than positive attitude about teaching science 
many of the elementary teachers have coming into the classroom.  Shrigley found a 
strong relationship between how the primary science teacher’s overall interest in science 
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tied into their confidence in teaching science to elementary students.  Jarrett (1999) also 
found that when the teacher’s interest is high, their confidence is high, but more often 
than not both interest and confidence are low for many of the elementary science 
teachers.  Interestingly enough, Jarrett’s research found that the best predictor of 
preservice elementary teachers’ interest in science, leading to their confidence in their 
science teaching abilities, was the quality of their own elementary science experience.  
Jarrett (1999) also reported that both high school science experiences and college science 
experiences rank below these elementary experiences in predicting elementary level 
preservice teachers’ interest and confidence in teaching science.  Therefore, it seems 
there is a self-perpetuating system: many elementary teachers who did not have a positive 
experience themselves in elementary science in turn lack the confidence in their science 
teaching ability to give their students a more positive science experience.  
Theoretical Framework 
Self-Efficacy 
One theory used to study the problem of poor science teaching at the elementary 
school level is a concept called self-efficacy.  This concept comes initially from 
Bandura’s (1977) social learning theory research.  Bandura’s definition of self-efficacy 
and four sources that he identified as predictors of self-efficacy along with Palmer’s 
(2006) research that supports these four sources and identifies two additional sources of 
self-efficacy provide the theoretical framework for this study.   
There are two aspects of self-efficacy that Bandura (1977) highlights as he defines 
the concept.  The first aspect is the confidence a person has that they can complete a 
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complex task successfully.  The second aspect is the feeling that the actions carried out 
will in fact produce the desired outcome.  Combining these two aspects of the definition 
Bandura would say that self-efficacy is confidence a person has that they can successfully 
perform a difficult task.  Palmer (2006) supports this definition of self-efficacy and 
outlines the six sources that he identifies as predictors of self-efficacy, Bandura’s original 
four plus two additional ones he developed. 
Six Sources of Self-Efficacy   
In order to completely understand the theory of self-efficacy as it relates to 
preservice elementary teachers it is important to look at the sources of self-efficacy that 
have been identified by research.  First, an overview of the four sources of self-efficacy 
originally identified by Bandura (1977) and supported by Palmer (2006), enactive 
mastery experiences, vicarious experiences, verbal persuasion and physiological/affective 
states.   
Enactive mastery experiences.  Enactive mastery experiences are actual successes 
a person has at accomplishing part or all of a difficult task (Bandura, 1977).  Enactive 
mastery experiences are good predictors of self-efficacy beliefs because they give the 
best evidence that the person has the ability to complete a task successfully (Palmer, 
2006).  Several studies have shown enactive mastery experiences to be the most powerful 
predictors of self-efficacy (Bandura, 1977, 1982; Cantrell, Young & Moore, 2003; Gist, 
1987; Wood & Bandura, 1989).  For example, Cantrell et al. (2003) found that in the 
world of the preservice elementary teacher the best example of enactive mastery 
experiences are the student teaching opportunities with real elementary students.  Their 
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study found that mastery experiences consisting of spending time with actual elementary 
students in the primary classroom significantly increased the preservice teachers’ self-
efficacy.   
Vicarious experiences.  According to Bandura (1997), the second source of self-
efficacy is vicarious experiences.  He found that this source becomes more important 
when a person has limited opportunities for mastery experiences.  Vicarious experiences 
are situations where people gauge their ability to succeed in comparison to other people 
who are modeling the tasks that they will need to perform (Palmer, 2006).  In the 
preservice elementary teachers’ world, a great example of this source of self-efficacy is 
observing another teacher teaching students in a real classroom setting (Cantrell et al., 
2003).  Vicarious experiences are most effective predictors of self-efficacy when the role 
model is similar to the participant (Bandura, 1977).  Palmer (2006) states that the 
similarity makes it easier for people to visualize themselves doing the same task 
successfully. 
Verbal persuasions.  A third source of self-efficacy that Bandura (1977) 
highlighted is verbal persuasions, sometimes referred to as social persuasions.  Verbal 
persuasion refers to the positive or negative feedback a person might get from others; 
peers, teachers, students etc.  An example from Cantrell et al. (2003) would be if a friend 
told a preservice teacher they have what it takes to be a successful teacher.  This type of 
verbal persuasion would indeed increase their teaching self-efficacy and according to 
Bandura (1997) cause the preservice teacher to try harder to succeed when they have their 
own classroom. 
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Physiological and affective states.  Bandura’s (1997) fourth source of self-
efficacy, physiological and affective states, refers to how a person’s self-efficacy beliefs 
change in response to their own internal reactions to a situation; their stress, fear and 
anxiety.  Palmer suggests this source could work positively or negatively on a person’s 
self-efficacy beliefs depending on the level of internal response (Bandura, 1997).  For 
some people a moderate level of stress can actually energize them and cause them to do 
their best while a high level of stress can be debilitating causing their self-efficacy beliefs 
to go down (Palmer, 2006).   
In summary, the research shows that mastery experience is the most powerful 
predictor of self-efficacy.  One study done with middle school science students showed 
that only mastery experience positively predicted science self-efficacy beliefs in these 
students (Britner & Pajares, 2006).  This, however, does not discount the importance of 
the other three sources of self-efficacy because all the sources have some influence on 
self-efficacy (Britner & Pajares, 2006).  Bandura (1997) hypothesized that the other three 
sources work synergistically with mastery experiences to heighten a person’s sense of 
efficacy.  According to Settlage (2000), the integration of all four sources into the 
training of preservice elementary teachers would increase self-efficacy the most and 
therefore be the best training for these teachers.  Settlage highlights a synergistic effect he 
saw with the original four sources of self-efficacy identified in his study.  He outlines 
each of the activities from his study that correlate with the four sources of self-efficacy, 
classifying the microteaching as enactive mastery experiences, viewing classroom videos 
as vicarious experiences, lectures and discussion as verbal persuasion, and visits to an 
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actual classrooms as emotional arousal.  Settlage concluded that the combination of these 
experiences produced the overall improvement observed.   
Two additional sources of self-efficacy.  In addition to supporting Bandura’s 
original four sources of self-efficacy Palmer (2006) identified two additional sources that 
specifically tie in with the self-efficacy of a preservice elementary teacher preparing to 
teach science.  Palmer added Cognitive Content Mastery and Cognitive Pedagogical 
Mastery to Bandura’s previous four sources.   
Cognitive Content Mastery refers to the teacher’s knowledge of the science 
concepts and information needed to teach successfully (Palmer, 2006).  Swackhamer, 
Koellner, Basile, and Kimbrough (2009) supported Palmer’s findings in their research by 
showing that in-service teacher’s science and math teaching self-efficacy did go up when 
exposed to more science and math content coursework.   
Cognitive Pedagogical Mastery refers to the understanding of the methods and 
classroom activities used by a teacher to teach science successfully (Palmer, 2006).  
Settlage (2000) looked at this connection between self-efficacy and cognitive pedagogical 
mastery by studying the ability of preservice elementary teachers to learn a science 
teaching method called the learning cycle, an inquiry based approach to teaching science.  
Settlage found that the preservice teachers’ science teaching self-efficacy was a 
significant predictor of their ability to learn this new teaching method.  This connection 
between the preservice teachers’ level of self-efficacy and their ability to learn the new 
science teaching method is an example of Palmer’s cognitive pedagogical mastery source 
in action (Palmer, 2006).  All six sources of self-efficacy can give insight into how 
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science educators can help increase science teaching self-efficacy beliefs in their 
preservice elementary teachers thereby enhancing the performance level of elementary 
teachers of the future 
In light of these studies, it is clear that educational researchers need to measure 
the increases in science teaching self-efficacy beliefs of preservice elementary teachers.  
Although there are several tools used to measure science teaching self-efficacy in the 
preservice elementary teacher one that is used often is the Science Teaching Efficacy 
Beliefs Instrument called the STEBI (Rice & Roychoudhury, 2003).    
STEBI 
The STEBI is a quantitative instrument used extensively to study the science 
teaching self-efficacy of both preservice and in-service elementary teachers (Rice & 
Roychoudhury, 2003).  Riggs (1988) points out in his study that science educational 
researchers and educators use the STEBI instrument to measure science-teaching self-
efficacy in order to understand the factors and activities that can enhance preservice and 
in-service teacher’s success in the classroom.   
Understanding that the STEBI is an instrument developed around Bandura’s self-
efficacy theory helps to explain the two subscales of the STEBI (Rice & Roychoudhury, 
2003).  The first subscale is personal science teaching efficacy (PSTE) and looks at the 
teachers’ belief in their ability to assume successfully the role of classroom teacher 
(Riggs & Enochs, 1990).  The second subscale is science teaching outcomes expectancy 
(STOE) which measures the teacher’s belief that what they do will in fact affect 
improvements in student’s science learning (Riggs & Enochs, 1990). 
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There are currently two forms of the STEBI used in science educational research, 
the STEBI-A and STEBI-B form.  The STEBI-A, has been used to study the science 
teaching self-efficacy beliefs of in-service elementary teachers (Rice & Roychoudhury, 
2003; Riggs, 1988) and the STEBI-B was developed by Riggs and Enochs (1990) to 
study the science teaching self-efficacy beliefs of preservice elementary teachers.  The 
STEBI-B has 23 Likert-scaled statements that relate to personal beliefs about teaching 
science.  The PSTE subscale has 13 statements and the STOE subscale has 10 (Riggs & 
Enochs, 1990).   
The initial research data showed the accuracy of the STEBI-B instrument had 
overall internal consistency.  The Cronbach's alpha for all 23 statements was .90 (Enochs 
& Riggs, 1990).  The internal consistency of the 13 PSTE statements and the 10 STOE 
statements was α = .90 and α = .76 respectively. 
Modified STEBI-B.  Many studies have used the STEBI-B to measure science 
teaching self-efficacy and outcome expectancy in preservice elementary teachers (Jarrett, 
1999; Schoon & Boone, 1998; Settlage, 2000; Stevens & Wenner, 1996; Tosun, 2000).  
There have also been several studies done to re-evaluate this instrument’s internal 
validity and reliability (Bleicher, 2004; Ginns, Tulip, Watters & Lucas, 1995; Roberts, 
Henson, Tharp & Moreno, 2001).  Bleicher’s (2004) re-evaluation of the STEBI-B found 
two items on the STOE subscale that had low item-total correlations.  In response to these 
findings, Bleicher (2004) developed a modified version of the STEBI-B by adjusting 
those two items.  This study used Bleicher’s modified version.  Bleicher concluded his 
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study by highlighting the importance of continually monitoring the accuracy of the 
STEBI-B.   
Purpose of the Study 
Both Bandura’s (1977) and Palmer’s (2006) work on the sources of self-efficacy 
give insight into how science educators can help increase science teaching self-efficacy 
beliefs in their preservice elementary teachers thereby enhancing the performance level 
of these teachers when they start teaching.  This study evaluated the modified STEBI-B 
instrument when used to measure preservice elementary teachers’ science teaching self-
efficacy beliefs pre and post participation in a science content course.  This study also 
looked at factors preservice elementary teachers identify as influencing their science 
teaching self-efficacy to see how they compare to the sources identified by Bandura and 
Palmer.  A look at the factors that influence self-efficacy and a re-evaluation of the 
STEBI-B will be helpful to both researchers and science educators by giving them more 
information about how to increase preservice elementary teacher’s science teaching self-
efficacy as they plan curriculum at the college level.   
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CHAPTER 2 
LITERATURE REVIEW 
Self-Efficacy 
The concept of self-efficacy comes from Bandura’s (1977) work and writings on 
social learning theory.  Bandura saw self-efficacy as a way of causing behavioral change 
by self-regulation and he tied it into his social cognitive theory (Bandura, 1977).  
According to Bandura, self-efficacy is one’s ability to carry out actions that will result in 
successful accomplishment of a specific goal.  Bandura further proposed that self-
efficacy beliefs are predictors of behavior and his research supported this.  Bandura’s 
explanation for this connection between a person’s self-efficacy and their behavioral 
strategy is this: a person with high self-efficacy works harder to meet their self-efficacy 
expectation.  This extra work in turn leads that person to successful outcomes.  This is in 
opposition to a person with low self-efficacy who does not really expect to be successful.  
That person will give up sooner and not work as hard leading to less successful outcomes 
(Bandura, 1997).   
Because Bandura (1997) showed a strong correlation between high self-efficacy 
and high levels of achievement, studying self-efficacy has become an important piece of 
many research designs in the social sciences.  Research done on clinical problems such as 
phobias, addictions and depression uses the concept of self-efficacy (Maehr & Pintrich, 
1997).  Self-efficacy is also very helpful in studying the performance of athletes (Maehr 
& Pintrich, 1997).  This literature review, however, will focus on self-efficacy research in 
the realm of education.   
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Self-Efficacy in Educational Research 
Educational research has used the concept of self-efficacy in three main areas.  
One area is to look at the link between self-efficacy beliefs and choices college students 
make about their majors and career (Anderson, Greene & Loewen, 1988; Beane, 1988; 
Matsui, Matsui & Ohnishi, 1990).  A second area is looking at the correlation between 
self-efficacy beliefs of students and their academic achievements (Anderson et al., 1988).  
Pajares and Valiante (1997) studied the influence self-efficacy had on elementary 
student’s writing, and Britner and Pajares (2001 & 2006) looked at self-efficacy and its 
relationship to middle school student achievement.  At the high school level, several 
studies looked at self-efficacy and its influence on student’s achievement in mathematics 
(Lent, Brown & Gore, 1997; Lopez & Lent, 1992).   
The third area in which educational research uses the concept of self-efficacy is to 
study how in-service and preservice teacher’s self-efficacy beliefs about teaching relates 
to their instructional practices and ultimately their success as teachers (Appleton & Kindt, 
1988, 2002; Bleicher, 2004; Cannon & Scharmenn, 1996; Schriver & Czernia, 1999).  
Schriver and Czernia (1999) helped define the concept of self-efficacy as it relates to 
teaching.  Their research reported that self-efficacy is the belief that teaching ability 
relates to positive changes in the students’ behavior and achievement levels.  Their study 
showed a positive connection between teacher’s self-efficacy beliefs and their ability to 
develop appropriate curriculum for middle school science classes.  Appleton and Kindt 
(2002) provided some more insight into why high teacher self-efficacy is important for 
teaching success in the science classroom.  Their study showed that science teachers who 
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had high self-efficacy for a task worked harder and longer than teachers did with low 
self-efficacy.  Because of this connection to hard work, self-efficacy is a very powerful 
predictor of successful performance as shown in many studies (Britner & Pajares, 2001, 
2006; Lent, Brown, & Gore, 1997; Pajares & Valiante, 1997).   
On the other side of the coin several studies have looked at the low self-efficacy 
beliefs of science teachers and found an important relationship between low self-efficacy 
and the number of negative characteristics and behaviors those teachers exhibited 
(Appleton & Kindt, 1999; Ramey-Gassert, & Shroyer, 1992).  In their study Ramey-
Gassert and Shroyer (1992) found those negative behaviors included science anxiety, 
poor attitude toward science and expending only small amounts of time and resources on 
science teaching.   
Preservice Elementary Teacher Training 
The concept of self-efficacy also plays a large part in the research of preservice 
elementary teachers’ attitudes toward their science teaching ability.  Tosun (2000) 
showed that low science teaching self-efficacy correlated with preservice elementary 
teachers not being able to successfully teach science when they got into their own 
classroom.  This low self-efficacy translated into a lack of effort and energy expended in 
teaching science.  Another study by Appleton and Kindt (1999) found that new 
elementary teachers with low science teaching self-efficacy often avoid hands-on science 
teaching methods opting for teaching strategies based on reading and writing.  They 
commented that these science-teaching strategies might have been the same ones the 
teachers had experienced as elementary science students.   
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In light of these findings, investigators have turned to looking at how to enhance 
the science teaching self-efficacy beliefs of preservice elementary teachers and have 
found that science methods courses that incorporate hands-on activities boosts science-
teaching self-efficacy (Jarrett, 1999; Palmer, 2006; Schoon & Boone, 1998; Watters & 
Ginns, 2000).  Palmer (2006) showed that methods courses give the preservice 
elementary teacher confidence to teach hands-on activities when they get into their own 
classrooms.  The literature seems to suggest a correlation between the predictive factor of 
science teaching self-efficacy and the willingness of a preservice elementary teacher to 
put the work into teaching science using more student friendly methods rather than 
simply the reading and memorizing methods of the past (Cannon & Scharmenn, 1996; 
Roberts et al., 2001).   
STEBI-B Used to Evaluate Science Methods Coursework 
Researchers use the STEBI-B in a variety of ways to evaluate preservice 
elementary teachers’ beliefs about their effectiveness as science teachers.  One way is to 
evaluate the effectiveness of college methods coursework taken by preservice elementary 
teachers preparing to teach science at the elementary level (Jarrett, 1999; Rice & 
Roychoudhury, 2003).  Jarrett (1999) studied 112 preservice teachers taking an inquiry 
designed methods course and found that their science teaching self-efficacy, as measured 
by the STEBI-B, increased significantly.  Another use for the STEBI-B is to investigate 
the development of science teaching self-efficacy in preservice elementary teachers as it 
relates to conceptual understandings of science learned in science methods courses (Rice 
& Roychoudhury, 2003; Schoon & Boone, 1998; Settlage, 2000; Stevens & Wenner, 
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1996).  Rice and Roychoudhury (2003) used the STEBI-B to find an increase in science 
teaching self-efficacy with preservice teachers while they were taking a methods course 
as part of their college course work.  Tosun (2000) also used the STEBI-B to look at 
science course work of preservice elementary teachers and its relationship to science 
teaching self-efficacy.  Tosun’s research found that most methods courses do not include 
enough science content knowledge to increase the preservice teachers’ science teaching 
self-efficacy.      
STEBI-B Used to Evaluate Science Content Coursework 
In light of the results seen in Tosun’s (2000) study, it is clear that science content 
coursework should also be a part of preservice elementary teachers’ training.  These 
science content courses provide important content knowledge necessary for boosting 
science-teaching self-efficacy in preservice teachers (Settlage, 2000).  Settlage 
administered the STEBI-B in a college content course and saw significant improvement 
in the preservice teachers’ PSTE and STOE scores.   
Gray (2011) also looked at the affect science content coursework had on the 
science teaching self-efficacy of preservice elementary teachers.  Gray used the STEBI-B 
to study this same relationship of self-efficacy scores at the beginning versus the end of 
the semester long course and found a statistically significant gain in the PSTE subscale of 
the STEBI-B but no improvement in the STOE subscale.  He also looked at the factors 
that influenced science-teaching self-efficacy of preservice elementary teachers before 
and after taking a science content course. 
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As shown above, many educational research studies have used the STEBI-B 
instrument to measure the self-efficacy beliefs of preservice elementary teachers.  
However, there have been no studies to date comparing the use of the STEBI-B 
instrument to other measures of self-efficacy in order to evaluate the STEBI-B 
instrument.  This study will look at the results of the STEBI-B instrument in comparison 
to the results of a self-reflective tool also used to measure levels of self-efficacy and 
factors that influence self-efficacy in preservice elementary teachers. 
Research Questions 
Two research questions follow from the twofold purpose of this study.  The 
primary purpose was to evaluate the STEBI-B tool when used in a pre/post-survey 
fashion, for studying the science teaching self-efficacy beliefs of preservice elementary 
teachers.  A re-evaluation of this important tool will give the research community 
valuable information on how to best use the STEBI-B.  The secondary purpose of this 
study is to identify the factors that preservice elementary teachers say are responsible for 
influencing their science teaching self-efficacy beliefs.  Knowledge of these factors can 
give educators valuable information about how to structure science content and methods 
courses to better prepare preservice elementary teachers to teach science.   
From this two-fold purpose come the following two research questions: 
- How does the change in preservice teacher’s self-reported confidence in their 
ability to teach elementary science correlate with the change shown in their 
STEBI-B score?  
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- What factors do preservice elementary teachers identify as influencing their 
science teaching self-efficacy?   
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CHAPTER 3 
METHODOLOGY  
I obtained IRB approval for this research from the University of Northern Iowa’s 
Internal Review Board in Cedar Falls, IA.  Attached is the IRB approval, HP# 15-0279 
(Appendix A).  
This research analyzed data collected for another project (Gray, 2013).  Gray 
collected the data concurrently near the beginning and end of a semester long course 
called Inquiry into Earth & Space Science.  This course is one of the three required 
science content courses for elementary education majors at a medium sized Midwestern 
university.  Gray (2013) collected the data during the spring and fall semesters of 2012 
and removed all personal identifiers from the data.  He assigned a unique ID number to 
each participant allowing the participants’ identities to remain anonymous in this 
research.  These data for this research also had the following demographic data attached 
to each participant’s ID number: gender, current year of college, age and number of 
previous science courses taken at the college level.   
Instruments 
This study used two data sources for a quantitative analysis and one data source 
for a qualitative analysis.  The first set of quantitative data included each participant’s pre 
and post-survey responses to a modified STEBI-B (Appendix B).  For brevities sake, this 
study will refer to the modified STEBI-B as the STEBI-B for the remainder of the paper.  
The STEBI-B has 23 Likert scaled statements that relate to personal beliefs about 
teaching science.  From left to right the five choices for each statement are strongly agree 
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(SA), agree (A), uncertain (UN), disagree (D) and strongly disagree (SD).  Gray (2013) 
scored each of the 23 questions on the STEBI-B by giving the participant one point for a 
SA response, two points for an A response, three points for a UN response, four points 
for a D response and five points for a SD response.  Ten of the 23 statements on the 
questionnaire used reverse wording so Gray reversed the points on these questions as he 
scored the survey.  He used the same scoring for both the pre and post-STEBI-B surveys.  
As mentioned above the STEBI-B includes two subscales in its measurements.  The 
personal science teaching efficacy (PSTE) subscale, which represents preservice 
teachers’ belief in their ability to take on the role of classroom science teacher and the 
science teaching outcomes expectancy (STOE) subscale, a measurement of the preservice 
teacher’s belief that they can affect improvements in student’s science learning.  The 
PSTE subscale has 13 statements and the STOE subscale has 10 statements on the 
STEBI-B survey used in this study.   
The second set of quantitative data included each participant’s pre and post self-
reported numeric scores.  These scores were their responses to the following quantitative 
self-reflective (QUAN-SR) prompt, “How confident are you in your current ability to 
teach science? Rate your confidence on a scale of 1 = not confident to 10 extremely 
confident” (Appendix C).  The numeric value cited by the participant became their 
QUAN-SR score.  Analysis of the STEBI-B and the QUAN-SR scores answered the first 
research question evaluating the correlation between these two quantitative instruments.   
The participants were also asked to respond to a qualitative self-reflective 
(QUAL-SR) prompt asking them to explain why they provided the given numeric score 
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(Appendix C).  The responses to the QUAL-SR prompt made up the third set of data used 
to do the qualitative analysis.  The qualitative analysis will give insight into the second 
research question, giving educators information about what factors influence preservice 
elementary teacher’s science teaching self-efficacy beliefs.  
Participants 
Sixty-eight preservice elementary teachers enrolled in the elementary education 
program at the time of this study participated in the research.  The participants consisted 
of 62 females and six males.  There was an even distributed of participants between their 
freshman, sophomores and junior years, 24, 20 and 20 respectively, with only four 
seniors in the group.  Twenty-two of the participants were 18 years old, 11 were 19 years 
old, 27 of them were 20 years old and only eight were 21 or 22.  Twenty-seven of the 
participants had taken either no other science content course or two other science content 
courses required for elementary education majors prior to enrolling in the test semester.  
Fourteen had taken just one prior science content course.  All participants volunteered for 
the study and signed a consent form prior to participation (Appendix D).  The instructor 
of this class was the same for all 68 participants.   
Data Collection 
The participants completed and handed in the pre STEBI-B survey, the pre 
QUAN-SR numeric score and pre QUAL-SR responses at the end of the first week of the 
course.  Collection of the post STEBI-B survey, post QUAN-SR numeric score and post 
QUAL-SR responses happened at the end of the final examination period for the course.  
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Each participant received extra credit in the class for handing in their responses to all the 
instruments.   
Study Design 
This research used a mixed method study design because the above research 
questions lent themselves to both quantitative and qualitative methodologies.  I analyzed 
the data using a Concurrent Mixed Model Design (Tashakkori & Teddlie, 2003). 
Tashakkori and Teddlie defined this design strategy by the use of a data collection period 
that obtains both quantitative and qualitative data simultaneously.  Another characteristic 
of this design is to examine two relatively independent research questions; one question 
uses quantitative analysis techniques the other qualitative analysis techniques 
(Tashakkori & Teddlie, 2003).  Using this model, the researcher makes inferences based 
on the results of each question separately (Vickers & Offredy, 2010).  
Results from the quantitative data (STEBI-B and QUAN-SR) measured the 
changes in the self-efficacy beliefs of the participants over the semester long science 
content course and correlations between these two variables answered Research Question 
number 1.  For the qualitative data (QUAL-SR), a constant comparative analysis 
analyzed the factors cited by the participants as influencing their self-efficacy beliefs and 
identified categories within the data (Strauss & Corbin, 1998).  I developed these 
categories from the factors that the participants cited as influencing their self-efficacy 
beliefs and these categories were the answer to Research Question number 2.   
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Data Analysis 
As part of another project, Gray (2013) analyzed the STEBI-B data used in this 
study.  Using separate t-tests to compare the mean pre versus post-test scores for both the 
PSTE and STOE data he found a significant increase in the pre versus post-PSTE data (p 
< .02) but not in the STOE data (p < .275).  These results suggest that the participant’s 
belief in their ability to take on the role of classroom teacher increased but the belief that 
they could affect improvements in student’s science learning did not.  Because of these 
preliminary findings, the PSTE data are more reflective of the participant’s beliefs about 
their teaching abilities then the STOE data, so I have only analyzed the PSTE data in this 
study. 
Quantitative Analysis 
To organize and analyze the quantitative data, I created a excel (Microsoft, 2010) 
spreadsheet that listed each of the participant’s unique ID numbers then attached their 
PSTE data, their QUAN-SR data and their demographic information to those numbers.  
The demographic information included the participant’s sex, age, year of college and 
number of undergraduate science courses previously taken.  The PSTE data included both 
the pre and post-PSTE total scores.  I calculated these totals by summing the numeric 
responses for each participant’s 13 PSTE statements from their pre-STEBI-B and post-
STEBI-B surveys respectively.  Dividing each participant’s pre and post-PSTE total score 
by 13 gave the average pre and post-PSTE scores.  Next, the spreadsheet had each 
participant’s pre and post-QUAN-SR numeric responses.  If the participant cited two 
numbers for their QUAN-SR score, I used the lower of the two numbers given, for 
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example if the participant rated their confidence between four and five I used the four 
rather than the five.  This kept all QUAN-SR scores whole numbers versus fractions.   
Analysis of the pre versus post-PSTE and QUAN-SR scores was done using a t-
test and Cohen’s d to see if there was a significant increase in the self-efficacy over the 
test period as measured by each instrument separately (Cohen, 1992).  I used the Cohen’s 
d to measure the effect-size of the population by using  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝−𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑚𝑚
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑚𝑚𝑚𝑚𝑠𝑠𝑚𝑚𝑝𝑝𝑠𝑠 𝑠𝑠𝑚𝑚𝑑𝑑𝑑𝑑𝑚𝑚𝑝𝑝𝑑𝑑𝑝𝑝𝑚𝑚  = d. 
The next step taken was to use the difference between the average pre and average 
post-scores to calculate a PSTE Hake score and a QUAN-SR Hake score for each 
participant.  The Hake score normalizes the gain from each participant’s pre to post-
survey score by calculating the percentage of possible improvement a participant could 
have had beyond their pre-survey score.  This method of reporting normalized gains 
minimizes the ceiling effect on the data (Hake, 1998).  I used this formula 
𝑝𝑝𝑚𝑚𝑟𝑟 𝑔𝑔𝑚𝑚𝑑𝑑𝑚𝑚(𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑑𝑑𝑝𝑝𝑝𝑝𝑚𝑚 𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑚𝑚−𝑝𝑝𝑝𝑝𝑚𝑚 𝑝𝑝𝑚𝑚𝑝𝑝𝑑𝑑𝑚𝑚𝑠𝑠 𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑚𝑚) to calculate the Hake scores.  See Appendix E for 
the complete data spreadsheet.   
With these data, I calculated Pearson’s Correlations (r-value) to determine if the 
change in pre to post-PSTE scores correlated with the change in pre to post-QUAN-SR 
scores.  The first r-value calculated was for the participant population as a whole, looking 
at the correlation between all participants’ PSTE normalized gain scores versus their 
QUAN-SR normalized gain scores.  This analysis determined what the size of the 
correlation was between the changes in the PSTE scores from pre to post versus the 
change in the QUAN-SR scores from pre to post.  I also calculated the r-value for all the 
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participants’ average pre-PSTE scores versus their pre-QUAN-SR scores as well as their 
average post-PSTE scores versus their post-QUAL-SR scores in order to see what the 
correlation is between the pre or post-scores separately.   
I proceeded to then calculating the r-value between the PSTE normalized gain 
scores and the QUAN-SR normalized gain scores in each demographic group.  For 
example, with the demographic variable gender, I calculated the r-value of the PSTE 
normalized gain scores versus the QUAN-SR normalized gain scores for the females and 
males separately.  The results of all this quantitative analysis answered the first research 
question about how the change in participants’ self-reported confidence in their ability to 
teach elementary science correlated with the change in their PSTE scores.   
Qualitative Analysis   
The qualitative analysis in this study examined the responses of the participants to 
the QUAL-SR prompt asking the participants why they rated their confidence towards 
teaching elementary science as they did.  By analyzing these ‘why’ responses I identified 
which factors the participants cited as being an important influence on their science 
teaching self-efficacy beliefs.   
The constant comparative analysis method was the basis for the qualitative 
analysis in this study (Patton, 2002).  Constant comparative analysis is a systematic 
process that minimizes subjectivity while organizing the qualitative data into categories 
(Patton, 2002).  This method requires that researchers continually compare each new 
piece of data to the data already analyzed in order to answer the research question.   
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This qualitative analysis required uploaded of the participants’ pre and post-
QUAL-SR responses into Dedoose, an online application that facilitates analysis of 
qualitative data (Dedoose, 2015).  For comparison and tracking purposes, I attached 
participant’s unique ID number and demographic data to all pre and post-QUAL-SR 
responses.   
The comparative analysis started with open coding.  I read all the responses 
looking for patterns in the types of things participants said had influenced their 
confidence in teaching science.  The reading of the pre-QUAL-SR documents lead to the 
highlighting of all phrases that identified a specific reason for the level of self-efficacy 
expressed.  I call these phrases excerpts in the remainder of this paper.  Most of the 
documents held one or two excerpts, 12 documents had three excerpts.  I developed the 
codes inductively by tagging each highlighted excerpt with one code that described the 
cited factor.  This stage allowed for scrutiny of the excerpts to see similarities/differences 
within and between the codes.  By creating and using these codes, I was able to organize 
the data into meaningful segments making it easier to look for commonalities that would 
reflect categories.  For example, Content Knowledge (CK) was one of the codes 
developed (all resulting codes will be presented in Chapter 4).  Excerpts were marked 
with the ‘CK’ code if the participant identified their knowledge of science concepts and 
science information as a factor that had influence their science teaching self-efficacy.   
The next phase of the qualitative analysis involved looking for commonalities and 
connections between the codes.  During this axial coding stage, I created categories for 
the codes by exploring the context of the excerpts that comprised each code.  The first 
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context analysis explored the wording of the excerpts from each code looking at the pre 
versus post-responses.  This analysis helped identify each factor’s importance on self-
efficacy beliefs prior to taking the science content course versus after the course.  The 
second contextual analysis looked at the excerpts from each code to determine if the 
factor cited created a positive influence (increasing the participants’ science teaching 
self-efficacy) or a negative influence (decreasing the participants’ science teaching self-
efficacy).  This contextual analysis refined each of the codes and gave insight into the 
relationships and interconnections between the codes.   
The last stage of the qualitative analysis developed meaningful categories for the 
codes.  The development of these final categories allowed me to find patterns in the 
participants’ responses about the factors that influenced their science teaching self-
efficacy. During this phase of the analysis, I chose one category as the core category and 
systematically related the excerpts in it to the other categories.  This stage of the analysis 
validated and further refined the relationships between the previously developed codes.    
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CHAPTER 4 
RESULTS    
Only 54 of the 68 participants provided complete data from all three instruments.  
All 68 participants completed the pre and post-test STEBI-B but three participants did not 
complete the pre or post-QUAL-SR prompt and eleven participants did not provide a pre 
or post-QUAN-SR numeric score.  Removing these students left 54 participants with 
complete data sets.  Below is a table listing the demographic data for these 54 participants 
(Table 1).   
 
Table 1.  
Summary of the Participants’ Demographic Data  
 
Demographics  
 
 
# of Participants 
Gender   
    Female 47 
 Male 6 
Year in  
College  
 
         Freshman 21 
             Sophomore 17 
    Junior 13 
    Senior 3 
Age   
18  19 
19  9 
20  21 
21  3 
22  2 
Science Courses  
Previously Taken  
 
 
0  23 
1  12 
2  19 
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Quantitative Results 
The analysis of the PSTE normalized gain scores shows that 42 of the participants 
had a positive normalized gain or an increase in their self-efficacy score from beginning 
to end of the semester.  Twelve of the participants had a neutral to negative score 
meaning that their self-efficacy scores stayed the same or fell from beginning to end of 
the semester.  With the QUAN-SR normalized gain scores 39 participants had a positive 
gain and 15 a neutral to negative score.  Analysis of all 54 participant’s PSTE and 
QUAN-SR normalized gain scores showed a trend in the same direction for 34 of them 
meaning that 34 participants had both their PSTE and QUAN-SR normalized gains 
increasing or decreasing in the same direction over the semester.  This trend increased for 
28 participants and decreased for six participants.  This left 20 participants (37%) with 
normalized gain scores from the two instruments trending in opposite directions, meaning 
an increase in self-efficacy with one tool and a decrease with the other tool.   
For the group as a whole, the t-test analysis showed that self-efficacy increased 
significantly form pre to post-test when measured with each instrument separately (Table 
2).  The mean PSTE score for all 54 participants increased from 44.5 to 47.9 (p < .001) 
indicating that the students did register a significant increase in their science teaching 
self-efficacy as measured by the PSTE subscale on the STEBI-B survey.  The mean 
QUAN-SR scores for all 54 participants increased from 5.1 to 6.7 (p < .001).  A 
normalized gain indicating an increase in self-efficacy as measured with this tool.  The 
Cohen’s d for the PSTE and QUAN-SR scores showed the effect size for this sample to 
be medium for the PSTE scores, d = 0.53, and large for the QUAN-SR scores, d = 0.91 
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(Cohen, 1992).  Therefore, the increase in self-efficacy between the pre and post-scores 
was significant for both instruments when measured separately (Table 2).   
 
Table 2. 
The t-test Results for the Pre, Post and Normalized Gain Scores for the PSTE and 
QUAN-SR Data Separately  
 
Instrument 
 
 
Pre 
 
SD 
 
Post 
 
SD 
 
Normalized 
Gain 
 
p 
 
d 
PSTE 44.5 6.8 47.9 6.3 0.16 <.001 0.53 
QUAN-SR 5.1 1.7 6.7 1.7 0.26 <.001 0.91  
 
The t-test analysis found that both instruments showed significant gains.  I saw 
mixed results, however, when I calculated the correlations between the changes in self-
efficacy shown by these two instruments.  Using Pearson’s Correlation to calculate the r-
value for all 54 participant’s pre-PSTE average scores versus their pre-QUAN-SR scores 
resulted in r = 0.399, showing a low correlation between these two data sets (Figure 1).   
On the other hand the correlation of the 54 post-PSTE average versus the post-
QUAN-SR scores showed a high positive correlation, r = 0.617 (Figure 2).  Indicating the 
results of the PSTE and QUAN-SR instruments supported each other more so after the 
science content course than at the beginning of the course.   
The result of the last Pearson’s correlation done on all 54 participants comparing 
their PSTE normalized gain scores versus their QUAN-SR normalized gain scores was r 
= 0.260.  This small r-value indicates very little correlation between the normalized gain 
of the PSTE data and that of the QUAN-SR data as shown on the scatter plot in Figure 3.   
 
 
30 
 
Figure 1.  Correlation of the Pre-PSTE versus the Pre-QUAN-SR Scores for all 54 
Participants 
 
 
 
Figure 2.  Correlation of the Post-PSTE Average and Post-QUAN-SR Scores for all 54 
Participants 
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Removing the outliers on the scatter plot in Figure 3 did not change the correlation to any 
degree.  This lack of correlation between the normalized gain scores of the two 
instruments showed that the self-efficacy changes they measured over the course of the 
semester did not match up.   
 
 
Figure 3.  Correlation of the Post-PSTE Normalized Gain Scores versus the Post-QUAN-
SR Normalized Gain Scores for all 54 Participants 
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although both instruments showed a significant increase in self-efficacy separately the 
results of the QUAN-SR instrument did not support the results of the PSTE instrument 
(Table 3).   
 
Table 3.  
Summary of r-values for the PSTE versus the QUAN-SR Scores from all 54 Participants 
 
# of Participants 
 
PSTE Scores 
 
QUAN-SR Scores 
 
r-value 
54 Pre-test Pre-test .399 
54 Post-test Post-test .617 
54 Normalized Gain  Normalized Gain .260 
 
I then used Pearson’s Correlation to analyze the differences between the PSTE 
and QUAN-SR scores for each demographic group.  I calculated r-values for the pre-
PSTE versus pre-QUAN-SR scores as well as the post-PSTE versus post-QUAN-SR 
scores (Table 4).  All demographic subsets showed positive correlations except the pre 
scores from the 19-year-old participants.  This group showed a very small unremarkable 
negative correlation of r = -.005 (Table 4).  Also, note that the positive 1.000 correlation 
for both the pre and post r-values in the 22-year-old group are not reliable because there 
are only two participants in that demographic group.  For the same reason the pre and 
post r-values for the senior and 21 year old groups of .975/.959 and .811/.798 
respectively are not reliable.  There are only three participants in each of those groups 
(Table 4).  The male participants also showed a large correlation on both the pre and post 
analysis, r-values of .764 and .567 respectively.  There were, however, only six males in 
the study making this result interesting but not reliable (Table 4).   
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Two demographic groups did show a large positive correlation between the two 
instruments in both the pre and post-settings.  First, the pre/post results for the junior 
group showed r-values of .580/.806 respectively.  In this demographic subset, there were 
13 participants total: two males, 11 females, nine 20-year-old, one 21-year-old, one 22-
year-old, four had taken one previous science course and six had taken two course.  It is 
also interesting to notice that there is an upward trend in the r-values from freshman to 
sophomores to juniors to seniors, for the pre-scores .266, .300, .580 and .975 and for the 
post-scores, .399, .682, .806 and .959.  These results show the more college course work 
the participant had the higher the positive correlation between their pre-PSTE and pre-
QUAN-SR scores and their post-PSTE and post-QUAN-SR scores (Table 4).   
The second demographic group that showed a large positive correlation between 
the two instruments for both their pre and post-scores was the participants who had 
previously taken two science courses.  There were 19 participants in this group.  The 
pre/post correlations were .550/.716 respectively (Table 4).  It is interesting to note that 
the same increasing trend in correlation between the post-PSTE and post-QUAN-SR 
scores can be seen from the participant’s with zero previous science content courses 
taken to 1 previous course taken to 2 previous courses taken,  r-values of .509, .612 and 
.716 respectively (Table 4).  This result also shows that the PSTE and QUAN-SR scores 
of the more experienced students seem to have a stronger positive correlation then the 
less experienced students (Table 4).   
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Table 4.  
Summary of r-values for the Pre-PSTE versus Pre-QUAN-SR Scores and Post-PSTE 
versus Post-QUAN-SR Scores for each Demographic Group of Participants 
 
Demographic 
Subset 
 
Number of 
Participants 
 
Pre-PSTE Ave. versus 
Pre-QUAN-SR 
r-value 
 
Post-PSTE Ave. 
versus Post-QUAN-
SR 
r-value 
Gender 
      Female 
 
47 
 
.356 
 
.622 
      Male 6 .764 .567 
College Class 
      Freshman 
 
21 
 
.266 
 
.399 
      Sophomore 17 .300 .682 
      Junior 13 .580 .806 
      Senior 3 .975! .959! 
Age  
      18 
 
19 
 
.390 
 
.281 
      19 9 -.005 .821 
      20 21 .476 .610 
      21 3 .811! .798! 
      22 2 1.000!! 1.000!! 
Prior Science 
Courses 
      0 
 
 
23 
 
 
.401 
 
 
.509 
      1 12 .022 .612 
      2 19 .550 .716 
! Only 3 participants in this demographic subset.   
!! Only 2 participants in this demographic subset.   
 
The results of the Pearson’s Correlation analysis done on the PSTE normalized 
gain scores versus the QUAN-SR normalized gain scores for each of the demographic 
subset separately were unremarkable (Table 5).  Two demographic groups reached a 
large positive correlation but both groups had too few participants for the results to be 
noteworthy.  The six male participants’ correlation reached an r-value of .726 and the 
three 21-year-old participants had a positive correlation of r = .797 (Table 5).  I could not 
calculate an r-value for the three seniors or the two 22 year olds because all the 
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participants in these groups had a QUAN-SR normalized gain score of zero (Table 5).  
The r-values for the rest of the demographic groups showed only small positive 
correlations.  These results indicated that although each instrument did show a significant 
increase in self-efficacy over the course of the semester the instruments did not support 
each other in their measurement of that self-efficacy increase either in the total 
population or in any of the demographic groups (Table 5).   
 
Table 5.  
Summary of r-values Calculated from the PSTE Normalized Gain versus QUAN-SR 
Normalized Gain Scores for Each Demographic Group of Participants 
 
Demographic Subset  
 
# of Participants in Subset 
 
r-value  
Gender  
     Female 
 
47 
 
.227 
     Male 6 .726 
College Class  
     Freshman 
 
21 
 
.346 
     Sophomore 17 .109 
     Junior 13 .205 
     Senior 3 NA! 
Age 
      18 
 
19 
 
.360 
      19 9 .161 
      20 21 .248 
      21 3 .797 
      22 2 NA!! 
Prior Science Courses  
       0 
 
23 
 
.414 
       1 12 .175 
       2 19 .383 
! No r-value calculated because all 3 QUAN-SR Hake normalized gain scores were zero. 
!! No r-value calculated because both QUAN-SR Hake normalized gain scores were zero.  
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Qualitative Results 
The results from the qualitative data came out of a constant comparative analysis 
of the 181 excerpts extracted from the 108 QUAL-SR documents.  Identification of these 
excerpts happened during the open coding phase of the quantitative analysis.   
The open coding of the pre-QUAL-SR documents inductively created these nine 
codes; Content Knowledge (CK), Formal Educational Experiences (FEE), Pedagogy 
Knowledge (PK), Emotional State of Participant (ESP), Practice/Experience (P/E), 
Student Responses (SR), Teaching Materials (TM), Mentors (M) and Informal Science 
Experiences (ISE).  I then deductively applied these codes to the 54 post-QUAL-SR 
documents.  While coding the post excerpts I added one additional code, Student 
Questions (SQ).  The reason for this addition was that several of the post documents cited 
this factor while none of the pre documents had mentioned it.  Table 6 has a complete list 
of all ten codes developed along with a brief description of each and its abbreviation.   
After re-reading and reorganizing the excerpts, several of the codes collapsed into 
codes with very similar excerpts.  The one Informal Science Experiences (ISE) excerpt 
collapsed into the Educational Experiences (FEE) code and the three Student’s Questions 
(SQ) excerpts became part of the Student’s Responses (SR) code.  The name of the FEE 
code changed to just Educational Experiences  (EE) to fit with all the excerpts in that 
code  The SR code name stayed the same because the title of the code still fit well with 
all the excerpts.  A summary of the number of excerpts tagged with each of the resulting 
eight codes is included with the data on Table 7.  A detailed description of the codes 
organized by categories will follow.   
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Table 6.  
Summary of All the Codes Developed From the QUAL-SR Data 
 
Code 
 
# of 
Exc 
 
Abbr. 
 
Brief description of the Code 
Content Knowledge  59 (CK) The participant’s knowledge or lack of 
knowledge about the science information and 
science concepts they would be teaching 
 
Formal Educational 
Experiences  
32 (FEE) Elementary, middle school, high school or 
college science classes the participant had or 
had not taken  
 
Pedagogy 
knowledge  
25 (PK) The participant’s knowledge or lack of 
knowledge about styles of teaching, methods 
of teaching or teaching activities   
 
Emotional State of 
Participant  
23 (ESP) How the participant felt about teaching 
science, both negative and positive feelings 
 
Practice/Experience  16 (P/E) Practice or experience the participant had or 
lacked in teaching science   
 
Student’s 
Responses  
12 (SR) How the participant’s students in the future 
will respond to their teaching of science, both 
positive and negative responses 
 
Teaching Materials  7 (TM) Text books curricula and other teaching 
materials that will help or hinder the 
participant’s ability to teach science  
 
Mentors  3 (M) People that will help the participant’s teach  
 
Student’s Questions  3 (SQ) How the participant will be able to respond or 
not respond to questions their students ask 
 
Informal Science 
Experiences  
1 (ISE) Experiences the participant had learning 
science in family or out of school activities, 
both positive and negative  
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The next phase of the analysis required looking for commonalities and 
connections between these eight codes.  The results of the axial phase of coding placed 
each of the eight codes into groups based on contextual analysis of the excerpts from 
each code.  The contextual analysis looked at the wording of each excerpt from a pre 
versus post context and then from a negative versus positive context.   
The results of the pre versus post contextual analysis showed there were fewer 
excerpts in the PK, EE, M and CK codes 7%, 4%, 3% and 1% respectively, at the end of 
the test period versus at the beginning (Table 7).  The percentage difference listed in 
Table 7 takes into account the fact that there are more excerpts in some of the codes 
versus other codes and there were more total pre excerpts than post excerpts over all.  
This decline in the number of post-excerpts versus pre-excerpts indicates that the 
importance of these factors on self-efficacy went down over the course of the semester.  
The decline was the largest for the PK factors.  The ESP, P/E, SE and TM codes had 
more excerpts at the end of the semester, 6%, 4%, 3% and 2% respectively, meaning the 
factors identified by these codes increased in their influence on self-efficacy (Table 7).  
The ESP factors saw the largest increase meaning the participants’ feelings about 
teaching science became a more important influence on self-efficacy as the semester went 
along.  This does not necessarily mean that the preservice teacher’s self-efficacy 
increased but that they identified this factor as influencing their self-efficacy in a more 
dramatic way.   
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Table 7.  
Summary of the Number and Percentage Difference in Post-Excerpts versus Pre-Excerpts 
by Code 
     Difference (post – pre) 
Code 
Abb. 
Total # 
Excerpts # Pre Excerpts  
# Post 
Excerpts # % 
CK 59 33 26  -7 -1% 
EE 33 20 13 -7 -4% 
PK 25 17 8 -9 -7% 
ESP 23 10 13 3 6% 
P/E 16 7 9 2 4% 
SE 15 7 8 1 3% 
TM 7 3 4 1 2% 
M 3 3 0 -3 -3% 
 
The positive versus negative contextual analysis compared the wording of the 
excerpts to determine if the factor the participant cited was a positive influence 
(increasing the participant’s science teaching self-efficacy) or a negative influence 
(decreasing the participant’s science teaching self-efficacy).  Find below the number of 
excerpts in each code that indicated a positive versus negative influence on the 
participant’s science teaching self-efficacy (Table 8).  The percentage difference between 
the positive and the negative influence indicates whether the factor in each code generally 
gave the participants more or less confidence about their ability to teach science.  The 
P/E, CK, PK and SE codes all showed an overall negative influence on self-efficacy with 
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63%, 56%, 28% and 7% more negative excerpts then positive ones cited by the 
participants (Table 8).  The EE (15%), ESP (22%), TM (100%) and M (100%) codes 
showed a positive influence on the self-efficacy of the participants, meaning these factors 
gave the participants more confidence in their ability to teach science (Table 8).  Note 
that the TM and M codes, although small in number, only had positive excerpts (Table 8).   
 
Table 8.  
Summary of the Number of Positive versus Negative Excerpts by Code  
      
Code 
Abb. 
Total # 
Excerpts 
# Positive (+) 
Excerpts  
# Negative (-) 
Excerpts 
# Difference 
(+) minus (-) 
% Difference 
(+) minus (-) 
CK 59 13 46 -33 -56% 
EE 33 19 14 5 15% 
PK 25 9 16 -7 -28% 
ESP 23 14 9 5 22% 
P/E 16 3 13 -10 -63% 
SE 15 7 8 -1 -7% 
TM 7 7 0 7 100% 
M 3 3 0 3 100% 
 
The movement of the excerpts into similar groups of factors led to the 
development of five final categories (Table 9).  These categories are the results of the 
qualitative analysis and the answer to the second research question about what factors 
preservice elementary teachers identify as influencing their science teaching self-efficacy 
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and included, Participant’s Cognitive Knowledge, Participant’s Experiences as a Student, 
Participant’s Emotional State, Participant’s Experience as a Teacher and Outside Factors.  
The CK and PK codes combined to make up the core group when developing the final 
categories.  The wording of the excerpts in these two codes provided the comparison 
from which to analyze the excerpts in the other codes.  This last comparison helped to 
refine further the relationships between all the factors, resulting in the categories outlined 
in Table 9.  The development of these categories indicated that much of the participant’s 
self-confidence or lack of self-confidence about teaching science stemmed from factors 
within themselves their knowledge their experiences or their feelings.   
 
Table 9. 
Summary of the Five Categories Developed from the QUAL-SR Data 
      
Category Cognitive 
Knowledge 
Experience as a 
Student 
Emotional 
State 
Experience 
as a Teacher 
Outside 
Factors 
Code CK 
PK 
 
EE ESP P/E SR 
TM 
M 
 
Total # of 
Excerpts 
84 33 23 16 25 
 
The results that follow will explain each category in detail.  All quotes from the 
participants referenced the participant’s anonymous ID number and identify whether the 
quote is from a pre or post-response.  Listed in Appendix F are extra examples of 
excerpts from each code.   
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Category 1 - Participant’s Cognitive Knowledge 
Participant’s Cognitive Knowledge deals with the participant’s perceptions of 
how much knowledge they have about what to teach or how to teach science.  One-
participant summarized it like this, “I feel confident in teaching for the same reasons.  I 
know now a lot more information than I did before” (121014 Post).  This category also 
included excerpts that indicated lack of teaching confidence because of perceived lack of 
knowledge, “Right now, I just don’t feel like I know enough information to successfully 
teach to the best of my ability, and I want to be able to understand more information 
before I present to a classroom” (121015 Post).   
The Participant’s Cognitive Knowledge Category developed out of excerpts from 
the CK and PK codes.  The CK excerpts refer to the understanding of basic science 
concepts and content knowledge the participant had or did not have.  The PK excerpts 
emphasized the knowledge about teaching methods or teaching activities participants 
indicated they had or did not have.  The excerpts from these two codes made up 46% of 
the 181 total excerpts in the study.  The number of pre versus post-excerpts in both of 
these codes went down, the PK excerpts more than the CK ones, 6% and 1% respectively.  
In other words, neither the PK nor the CK factors had as much influence on preservice 
teacher’s self-efficacy beliefs at the end of the semester as they did at the beginning, 
which indicates that the factors represented in this category decreased their influence on 
self-efficacy over the course of the semester.   
The CK code had the most excerpts assigned to it, 59.  Excerpts tagged with this 
code indicated that the participant reported science content knowledge or the lack of it 
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had influenced their self-efficacy beliefs about teaching science to elementary students.  
One example of the wording used to identify CK as a source of self-efficacy was, 
“learning more science content, my confidence in teaching science will only grow” 
(121022 Post).  Each excerpt in the CK code was identified as either positive or negative, 
meaning the factor cited by the participant either gave them more confidence in their 
teaching ability (positive) or they felt less confident because of the factor ( negative) 
(Table 10).  With the pre-documents, the CK excerpts overwhelmingly brought the 
confidence of the participant down with 30 of the excerpts decreasing the confidence and 
only three showing CK gave them an increase in confidence (Table 10).   
The CK post-documents indicated more excerpts classified as positive as with the 
pre-documents.  Ten of the post-excerpts show a positive influence on self-efficacy and 
16 of them show a negative influence.  On the negative side, there were still comments 
like “Right now I just don’t feel like I know enough information to successfully teach to 
the best of my ability, and I want to be able to understand more information before I 
present to a classroom” (121015 Post).  On the positive side were comments like, “I feel 
confident in teaching for the same reasons.  I know now a lot more information than I did 
before” (121014 Post).  “I feel like I have grasped most of the concepts effectively and 
could teach elementary kids these” (122022 Post).  The wording of these positive and 
negative excerpts indicates more participants saw CK as a positive influence on their self-
efficacy after taking the college science course versus before (Table 11). 
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Table 10.  
Summary of Excerpts from the CK and PK Codes that Supports the Participant’s 
Knowledge Category   
     
Code Participant 
ID # 
Pre or 
Post  
Excerpt + or - 
Influence on 
Self-efficacy 
CK 122032 Pre I also have the knowledge to know what I would 
teach them. 
 
Positive 
CK 121006 Pre I feel that I lack some of the basic content 
knowledge needed to be a successful teacher  
 
Negative 
CK 121015 Pre I am very afraid to teach science because I don’t 
think I know it well enough to be an efficient 
teacher in the subject.  
 
Negative 
CK 122022 Post I feel like I have grasped most of the concepts 
effectively and could teach elementary kids these. 
 
Positive 
CK 121014 Post I feel confident in teaching for the same reasons. I 
know now a lot more information then I did before 
 
Positive 
CK 121015 Post Right now, I just don’t feel like I know enough 
information to successfully teach to the best of my 
ability, and I want to be able to understand more 
information before I present to a classroom.   
 
Negative 
PK 121020 Pre I don’t feel like I would communicate ideas 
effectively. I would have to lecture directly from a 
book, and coming up with fun ways to learn would 
be hard. 
 
Negative 
PK 121022 Pre I am also not confident with my ability to teach in 
an effective way. I want to use different strategies 
to teach science, but I do not know many yet.  
 
Negative 
PK 121024 Pre I would rate my science teaching ability a *4 
because I really don’t know how to go about it. 
 
Negative 
PK 122043 Post I feel like I am better equipped to come up with 
creative, effective ways to teach it.  
 
Positive 
PK 122045 Post I now know ways to explain and teach science Positive 
PK 121010 Post I learned many new ways to teach concepts. The 
activities we did in class provided an avenue to 
make learning fun and hands on. 
Positive 
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The code labeled PK was also instrumental in developing the Participant’s 
Cognitive Knowledge Category.  These excerpts identify factors that center on the 
knowledge the participant has about the methods a teacher uses to teach science to 
elementary students.  Inquiry teaching methods as well as science activities were 
common examples the participants cited.  PK was the third most common factor 
influencing the participant’s self-efficacy in this study.  There were 25 excerpts total, 17 
on the pre-documents and eight on the post-documents.  After reading the seventeen pre-
excerpts, I found PK to be a negative influence on the participant’s self-efficacy in 16 out 
of 17 excerpts.  Here are examples from the PK pre-documents, “I am also not confident 
with my ability to teach in an effective way.  I want to use different strategies to teach 
science, but I do not know many yet” (121022 Pre) (Table 10).  “I have a lot of material 
to learn about science and techniques to help students learn, before I feel completely 
confident in teaching young children science” (122006 Pre).  The only positive excerpt 
was “I feel that I have some good ideas to bring to a class room” (121009 Pre).  The 
opposite was true for the post-documents.  All eight of these excerpts showed pedagogy 
to be a confidence builder.  Examples of the positive nature of the post excerpts are, “I 
feel like I am better equipped to come up with creative, effective ways to teach it” 
(122043 Post).  “I feel that with the activities and information you taught us, and the 
knowledge that I already have, that I would be a very good science teacher” (122004 
Post) (Table 11).   
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Table 11.  
Summary of the Number of Excerpts in Each Code that Changed from Negative to 
Positive Over the Course of the Semester  
    
 Pre-Excerpts Post-
Excerpts 
 
 
Code 
(abb.) 
 
 
# of + Ex minus # 
of - Ex  
 
 
# of + Ex minus 
# of - Ex 
 
Semester Change in the 
# of Negative versus 
Positive Excerpts   
CK 3-30 = -27 10-16 = -6 Large Change from 
Negative Towards 
Positive 
 
PK 1-16 = -15 8-0 = 8 Large Change from 
Negative To Positive 
 
EE 8-12 = -4 11-2 = 9 Large Change from 
Negative  To Positive 
 
ESP 5-5 = 0 9-4 = 5 Change from neutral to 
Positive 
 
P/E 1-6 = -5  2-7 = -5 No Change from 
Negative 
 
SE 3-4 = -1 4-4 = 0 No Change from 
Neutral  
 
TM 3-0 = 3 4-0 = 4 No Change from 
Positive  
  
M 3-0 = 3 No Data Not Enough Data 
 
In answer to the second research question, the Participant’s Cognitive Knowledge 
Categories indicates that the perceived level of cognitive knowledge the participants had 
in both science concepts and science teaching methods was the most important influence 
on their science teaching self-efficacy in this study.  The dramatic swing of the excerpts 
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from a negative to a positive influence on the participant’s self-efficacy was also an 
important characteristic of this category (Table 11).  Both the CK and PK factors were a 
very negative influence at the beginning of the science content course but became a more 
positive influence by the end.  Several participants clearly stated this negative to positive 
swing over the semester.  In the pre-semester CK excerpts, one-participant states, “One of 
the reasons I am a little hesitant about teaching science is because I feel I do not know the 
material that well” (121019 Pre).  By the end of the semester the same student wrote, “I 
have learned about a lot of different topics and I feel I understood the concepts a lot 
better than I thought I was going to.  Because of this, I can teach different lessons 
different ways to hopefully emphasize both my [knowledge] and my students’ knowledge 
of the topic” (121019 Post).  The same switch from negative to positive is evident with 
PK factor.  Here is how one participant documented it in their pre-semester thoughts, 
“have an inquiry-based learning experience, but I do not feel that I know how to provide 
this type of learning” (121006 Pre).  The switch to a positive influence is evident in his or 
her post-document excerpt, “and I feel that I now know how to provide an inquiry-based 
learning experience” (121006 Post) (Table 11).   
Category 2 - Participant’s Experience as a Student   
Participant’s Experience as a Student Category stemmed directly from the 
participants’ reactions to the learning and teaching activities they had experienced as a 
student.  The EE excerpts that supported this category development made up the second 
most common code.  There were 33 total excerpts tagged with the EE code, 20 of them 
from the pre-documents and 13 from the post-documents.  This reduction in excerpts at 
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the end of the course suggests this factor is more influential on the science teaching self-
efficacy at the beginning of a science content course then at the end.   
The EE code identified all educational experience, from elementary to college, as 
a factor that influenced the self-efficacy of the participants for either the good or the bad 
(Table 12).  This influence included classes, teachers or any experience the participant 
had as a student in a science classroom.  For example, one participant identified their 
elementary science teachers as the most important influencing factor (Table 12).  In this 
category’s pre-documents 12 of the 20 excerpts, show the EE factor deceasing self-
efficacy and eight of the 20 showed a positive influence (Table 8).  This second category 
is different from the Participant’s Cognitive Knowledge Category because the pre-
documents in this category showed both a negative and positive influence on participant’s 
self-efficacy but the first category had only negative excerpts on the pre-documents 
(Table 11).  On the negative side statements like this were common, “I feel this way 
because I am only a freshman, so this my first actual class centered on my ability to 
teach.  Naturally I assume my confidence will grow quite a bit as I continue my 
education” (122052 Pre).  On the positive side are excerpts like, “By emulating this 
teacher, I feel very confident about teaching a science [class]” (122002 Pre).   
In the post EE documents, there was a noticeable switch to a more positive 
influence on self-efficacy (Table 11).  Eleven out of 13 excerpts show the participant’s 
Educational Experiences had a positive influence on their confidence about teaching 
science.  “After this course I feel more confident in teaching science” (121019 Post).  “I 
feel if I take the information from this class and from other classes I have had, I will be a 
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very good teacher!” (121011 Post).  The only two negative responses were where the 
participants felt they did not yet have enough formal education at the college level to 
make them confident.  One participant stated, “After taking the other science classes 
necessary for my education major, I hope to be much higher than my rating is now” 
(122028 Post) (Table 12).   
 
Table 12. 
Summary of Excerpts from the EE Code Supporting the Participant’s Experiences as a 
Student Category   
     
Code Participant 
ID # 
Pre or 
Post  
Excerpt + or - 
Influence on 
Self-efficacy 
EE 122027 Pre  I am only a sophomore and I feel I need to take 
more of my classes to help me to teach science 
 
Negative  
EE 122045 Pre I never really understood science in junior high, 
and I never really liked it, so I struggled with it 
and I never really tried once I got to high school.  
 
Negative  
EE 121009 Pre  I feel that I have some good ideas to bring to a 
class room and can base my lesson plans on 
previous experiences ‘as a student’ 
 
Positive  
EE 122017 Post  After finishing my last science class for my 
science endorsement I feel more comfortable with 
teaching science 
 
Positive 
EE 122056 Post  This class, along with Experiences in Elementary 
School Science, has really helped me to feel more 
confident about teaching science. 
 
Positive  
EE 121024 Post  I will say that taking this class has made me more 
confident in teaching science.  
 
Positive  
 
The Participant’s Experience as a Student Category shows that the science 
education of a preservice teacher had a large influence on their science teaching self-
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efficacy.  The excerpts showed that the participants’ college experiences were the 
strongest influence but they also cited their elementary through high school experiences.  
The strong switch from this factor being a negative influence at the beginning of the 
course to a positive by the end of the course was similar to the first category.  These two 
results suggest that this science content course provided several factors that helped 
improve the science teaching self-efficacy of these preservice elementary teachers. 
Category 3 - Participant’s Emotional State  
Participant’s Emotional State developed from participants’ comments indicating 
how their feelings influenced their confidence about teaching science.  This category 
contained excerpts from the fourth most common code, ESP.  Excerpts from this code use 
words like fear, sacred, passion, enthusiasm and interest to identify the factors that 
influence self-efficacy (Table 13).  These two excerpts give an example of the factors 
behind this category, “I am very confident in my ability to teach science.  I would rate my 
confidence at a 9.  I feel this way because it is such an interesting and unique subject and 
I know I will have a lot of fun teaching it” (122054 Post).  On the lack of confidence side, 
another participant put it this way, “I’m a little scared about teaching science, mostly 
because I don’t think I’m very good at it” (122035 Pre)   
There are 23 total excerpts in ESP code with a 6% increase from the number of 
pre-responses to post-responses.  The wording of pre and post-excerpts as well as the 
distribution of the number of excerpts indicates the factors in this category are of more 
importance at the end of the course then at the beginning (Table 7).  Half of the pre-
responses described this factor as a positive influence on their self-efficacy and half 
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described this factor as decreasing their self-efficacy.  The following quote is 
representative of the participants’ positive comments, “If I am enthusiastic and confident 
about the subject of science, my students will feed off of my attitude and be excited as 
well” (122002 Pre) (Table 13). 
 
Table 13.  
Summary of Excerpts from the ESP Code Supporting the Participant’s Emotional State 
Category   
     
Code Participant 
ID # 
Pre or 
Post  
Excerpt + or - 
Influence on 
Self-efficacy 
ESP 122002 Pre  If I am enthusiastic and confident about the subject 
of science, my students will feed off of my attitude 
and be excited as well. 
 
Positive  
ESP 122035 Pre  I’m a little scared about teaching science, mostly 
because I don’t think I’m very good at it. 
 
Negative  
ESP 122044 Pre  due to my enthusiasm for science and the joy I get 
from being an entertainer for children,  
  
Positive 
ESP 121010 Pre This lower number is due the fear of doing 
something new.  
 
Negative 
ESP 122023 Post If you truthfully are passionate and excited about 
it, then the students will feed off that and push 
themselves as well. 
 
Positive  
ESP 122054  Post  I feel this way because it is such an interesting and 
unique subject and I know I will have a lot of fun 
teaching it. 
 
Positive 
ESP 121009 Post  I feel that my enthusiasm for teaching wouldn’t 
show through as much as it would for a subject 
like english or literature.  I want to teach a subject 
that I’m passionate about and right now, science 
isn’t that high on the totem pole for me.  
 
Negative 
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With the post-documents, the positive emotional state of the participants was 
more influential than the negative emotional state with nine of the 13 excerpts indicated a 
positive influence on the participant’s science teaching self-efficacy and only four 
excerpts indicating a negative influence (Table 8).  An example of a positive excerpt is, 
“If you truthfully are passionate and excited about it, then the students will feed off that 
and push themselves as well” (122023 Post).  On the negative side, was this statement: 
“I’m not a big science enthusiast and I think that will show through my teaching” 
(121024 Post) (Table 13).   
This third category, Participant’s Emotional State, makes up 13% of the excerpts 
in the study so this study does not show it to be as central a factor in influencing self-
efficacy in preservice teachers as the first two categories.  It is however, identified by the 
participants of this study as an important factor.  It also differs from the first two 
categories in that more participants identified it as a factor influencing their self-efficacy 
after the course then at the beginning.  There is an increase in the number of excerpts in 
this category from pre to post-documents versus a decrease in the number of excerpts 
with the first two categories.  The last difference showed that the ESP factor in this 
category is both a positive and negative influence at the beginning of the semester unlike 
the first two categories that show a mostly negative influence.  This positive influence of 
the ESP factor continued to grow until the end of the semester indicating that taking a 
science content course influenced the Participant’s Emotional State about teaching 
science in a positive direction (Table 11).  
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Category 4 - Participant’s Experience as a Teacher  
The Participant’s Experiences as a Teacher Categories also developed from the 
quantitative analysis of the QUAN-SR responses.  The excerpts from the P/E code 
support the development of this category (Table 14).  These excerpts cited the amount of 
actual experience participants had at being a teacher as the reason for feeling or not 
feeling self-confident about teaching science.  This category had the smallest number of 
excerpts, 16 making it the least important factor cited by the preservice teachers in this 
study (Table 7).  Analysis of the wording of these excerpts indicates that the influence of 
this category on the participant’s self-efficacy is not as important as the CK, PK or ESP 
factors in this study.  The seven pre-excerpts versus the nine post-excerpts showed that 
the influence of this factor increased by 4% from the beginning to the end of the science 
content course (Table 7).  
Analysis of the seven pre-documents shows all but one identified the P/E factor as 
a reason for their lack of confidence about teaching science.  For example, “I need to gain 
more knowledge and experience with the different levels of science before I try to master 
teaching any of it” (121007 Pre) (Table 14).  The only positive response was from a 
participant who had a good teaching experience in high school.  In seven of the nine post-
responses, P/E was also a negative factor decreasing the participant’s self-efficacy for 
science teaching.  One participant stated this, “As far as teaching science goes, I am a 
little unsure.  I really do not have any experience teaching a science lesson.  I have gotten 
the opportunity to teach lessons in every single subject, except for science” (122009 
Post).  Only two responses indicated a positive influence on the participant’s confidence.  
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Both of these gave concreate examples of successful science teaching experiences, for 
example “I think I did a good job teaching it in my Level 2’s” (121023 Post) (Table 14).   
 
Table 14.  
Summary of Excerpts from the P/E Code Supporting the Participant’s Experience as a 
Teacher Category   
     
Code Participant 
ID # 
Pre or 
Post  
Excerpt + or -
Influence 
on Self-
efficacy 
P/E 122032 Pre mainly because I’ve never had experience teaching 
science 
 
Negative 
P/E 122053 Pre  I did a program in high school called Cadet Teaching 
which was like student teaching for high school 
students.  I taught fifth graders science.  It was fun to 
teach and they seemed to learn concepts well when 
seeing and dealing with physical things like rocks, 
boats, things that spin, flick, bounce and buzz. 
 
Positive 
P/E 121018 Pre That’s because I haven’t had experience teaching this 
subject yet,  
 
Negative 
P/E 122009 Post As far as teaching science goes, I am a little unsure. I 
really don't have any experience teaching a science 
lesson. I have gotten the opportunity to teach lessons 
in every single subject, except for science. 
 
Negative 
P/E 122044 Post  From past experiences of assisting in teaching a fifth 
grade science class as a freshman, I learned that I am 
very good at making children understand concepts 
having to do with science as well as keeping the 
students entertained and eager to learn.  
 
Positive  
*P/E 122027 Post I enjoy it so much but I still think I need some more 
practice to be able to teach it.  
 
Negative 
 
This Category, Participant’s Experiences as a Teacher, identifies another factor 
shown in this study to influences self-efficacy in preservice elementary teachers.  
However, it did not register as much of an important factor as did the factors that 
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supported the first and second categories.  Another characteristic of this category that was 
different from the other three categories is that the factors supporting this category have 
an overall negative influence on self-efficacy before the course that does not change by 
the end of the course (Table 11).  This result indicates being a student in a science content 
course did not give the participant any practice being a teacher so they did not gain any 
science teaching self-efficacy from this factor over the course of the semester. 
Categories 5 – Outside Factors  
The Outside Factors Category includes the excerpts from the SR, M and TM 
codes (Table 15).  All the categories previously discussed deal with participant’s internal 
personal factors.  This category includes all the factors that have an influence on the 
participant from an outside source (Table 15).   
Looking specifically at the SE code it is clear that the participant’s self-efficacy is 
influenced by questions their future students might ask, speculations about the reactions 
of their future students to their teaching or their perceived future student’s likes or 
dislikes about science (Table 15).  The SE code contains the most excerpts in this fifth 
category, 15 total excerpts seven pre and eight post (Table 7).   
Both the pre and post-excerpts have an even balance between being a positive or 
negative influence on the participant’s self-efficacy (Table 11).  Three out of seven pre-
excerpts indicated the participants’ confidence increased because of this factor and four 
of the post-excerpts mirror this same positive influence.   
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Table 15.  
Summary of Excerpts from the SE, TM and M Codes that Supports the Development of 
the Outside Factors Category   
     
Code Participant 
ID # 
Pre or 
Post  
Excerpt + or - 
Influence 
on Self-
efficacy 
SE 122044 Pre  I will be able to be very successful in keeping the 
classroom a fun and productive environment for 
learning and this will cause the children to be 
excited about science every day which could even 
push the students to wanting to learn even more 
outside of class. 
 
Positive 
SE 122048 Pre  I also know that it will be hard to get some 
students to like science due to their previous 
experiences. 
 
Negative 
SE 122012 Post I am confident in my ability to try and make things 
fun and interesting for the students. 
 
Positive   
SE 122042 Post My biggest fear of teaching science is that i will 
not be able to answer the students questions that 
they have.  
 
Negative 
TM 122046 Pre  I know I could teach from a book, 
 
Positive  
TM 122007 Post I think I could do an excellent job if I was 
provided with enough information and materials to 
teach the classroom. 
 
Positive 
M 122019 Pre  I would have a lot to learn, but I feel as though I 
have enough mentors through past teachers that I 
think I could do it.  
 
Positive 
M 122023 Pre  come up with more and more ideas through 
different conferences and cooperation with other 
professionals that will make me more confident 
though. 
 
Positive  
 
Here is an example from a pre-document showing a positive influence, “I will be able to 
be very successful in keeping the classroom a fun and productive environment for 
learning and this will cause the children to be excited about science every day which 
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could even push the students to wanting to learn even more outside of class” (122044 
Pre).  This is a positive post document from the SE excerpts, “I am confident in my 
ability to try and make things fun and interesting for the students” (122012 Post).  On the 
negative side another participant wrote, “I also know that it will be hard to get some 
students to like science due to their previous experiences” (122048 Pre) (Table 15).  
The TM factor points to the use of teaching materials such as textbook and the 
internet helping the participant feel confident teaching science.  The TM code has seven 
excerpts total, three pre and four post-excerpts.  All seven show a positive influence on 
the participant’s self-efficacy (Table 11).  Here is an example from the TM pre and post-
excerpts respectively, “I know I could teach from a book” (122046 Pre).  “I think I could 
do an excellent job if I was provided with enough information and materials to teach the 
classroom” (122007 Post) (Table 15).   
The M code emphasizes other people, mentors, past teachers and other 
professionals, helping to encourage self-efficacy in the participant (Table 15). The M 
code has only three excerpts, all from the pre-documents.  All these excerpts also show 
only a positive influence.  One example of the positive excerpts from the M code is, “I 
would have a lot to learn, but I feel as though I have enough mentors through past 
teachers that I think I could do it” (122019 Pre).  It is interesting to note that these two 
codes only cited positive factors influencing the participant’s self-efficacy (Table 15).   
This last category, Outside Factors, identifies several important factors that 
influence preservice elementary teachers’ self-efficacy.  These factors range from what 
their students will experience to teaching materials they will use to mentors they can 
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draw experience from.  The common thread that ties these factors together is that the 
source of each factor is outside the individual.  The SE influence on the participant was 
small probably because most of the participants did not have contact with actual students 
during the test period.  It would be interesting to see how important the SE factor is after 
a semester of student teaching.  The results of the excerpts that did identify the SE factor 
showed a balance of its positive and negative influence on science teaching self-efficacy 
at the beginning and at the end of the test period (Table 11). 
The teaching materials and mentors influenced the self-efficacy only in a positive 
direction indicating the presents of these outside factors is noticed by the participant but 
if the factor is not present the participant is not consciously aware of the influence it 
could have, what they don’t know does not hurt them (Table 11).    
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CHAPTER 5 
DISCUSSION AND CONCLUSION  
Research Question 1- Data Correlation  
The first research question addressed in this study is, ‘How does the change 
shown in preservice elementary teacher’s self-reflections correlate with the change shown 
in their STEBI-B score?’  Since the first validation of the STEBI-B by Enochs and Riggs 
(1990), several studies have re-evaluated the STEBI-B’s validity and accuracy (Bleicher, 
2004; Ginns et al., 1995; Roberts et al., 2001).  This study takes a unique approach in re-
evaluating the STEBI-B by correlating pre/post-test self-reflective data with pre/post-test 
STEBI-B data.   
Individually the quantitative instruments used in this study, the PSTE subscale of 
the STEBI-B and the QUAN-SR, showed significant increases in the self-efficacy 
reported by 54 preservice elementary teachers from beginning to end of a semester long 
science content course ( p < .001 for both instruments separately).  The correlation 
between these two instruments, however, showed mixed results indicating the QUAN-SR 
instrument did not completely support the results of the STEBI-B.   
For the population as a whole the correlation between the pre-scores showed a 
small amount of positive correlation, r = .399.  The post-scores on the other hand showed 
a relatively large amount of positive correlation, r = .617.  As the participants received 
more training in science over the course of the semester, the QUAN-SR seemed to better 
support the results of the STEBI-B.  When looking at the results of the PSTE normalized 
gain versus the QUAN-SR normalized gain for all the 54 preservice teachers participating 
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in the study little correlation was seen, (r  = .260).  Therefore, the increase in the self-
efficacy scores seen with the QUAN-SR did not support the increase seen with the PSTE.  
From just these results, it seems that the QUAN-SR instrument does not validate the 
results seen with the STEBI-B instrument. 
The result of the demographic correlation analysis does show a large positive 
correlation for two groups of participants.  Correlating the pre and post-scores separately 
for both instruments the results showed a large correlation for the 13 participants who 
were juniors in college, for the pre-scores r = .580 and for the post-scores r = .806.  It is 
also interesting to notice that there is an upward trend in the r-values from freshman to 
sophomores to juniors to seniors, for the pre-scores .266, .300, .580 and .975 and for the 
post-scores, .399, .682, .806 and .959 (Table 4).  These results showed that as preservice 
teachers get more training and experience the QUAN-SR instrument did a better job of 
supporting the STEBI-B’s measurement of self-efficacy.   
A large positive correlation is also seen with the 19 participants who had already 
taken two other science content courses at college, the correlation for the pre-scores is r = 
.550 and their post-scores correlation is r = .716.  It is interesting to note that the same 
increasing trend in correlation between the post-PSTE and post-QUAN-SR scores can be 
seen from the participant’s with zero previous science content courses taken to 1 previous 
course taken to 2 previous courses taken, r-values of .509, .612 and .716 respectively 
(Table 4).  Again, the more experienced students’ scores on the QUAN-SR seemed to 
better support the STEBI-B’s measurement of self-efficacy.   
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The mixed correlation results in this study seem to point to a conclusion that these 
two instruments, the STEBI-B and the QUAN-SR, are measuring self-efficacy from two 
different vantage points.  The two instruments seem to support each other’s results more 
strongly with preservice teachers that have more training under their belts.  The reason 
for this could be that the STEBI-B measures an overall score of self-efficacy and the 
QUAN-SR instrument a narrower view of self-efficacy.  When preservice teachers are 
taking the STEBI-B, they are encouraged to think about many of the sources and 
different aspects of self-efficacy as they move through the 23 Likert-scaled questions.  In 
contrast, the QUAN-SR tool encouraged the participants to respond individually only 
taking into account the sources and factors of self-efficacy that they think about of their 
own volition.   
In support of this conclusion, it is important to note that the two demographic 
groups that showed higher correlation between their self-efficacy scores on the two 
instruments included preservice teachers in the later part of their training program.  At 
this latter stage of training, preservice teachers are required to complete over 50 hours of 
classroom field experiences including creating and teaching several lessons.  It is possible 
that these field experiences helped the more experienced preservice teachers come up 
with a QUAN-SR score based on a more comprehensive understanding of their self-
efficacy, taking into account more factors or sources of self-efficacy.  The more 
comprehensive QUAN-SR score would then correlated more closely with the STEBI-B 
score, which is also measuring a more comprehensive look at the preservice teachers’ 
self-efficacy.   
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This study’s qualitative analysis done on the QUAL-SR data also gives support to 
this conclusion.  There was a large emphasis on content knowledge (CK) and pedagogical 
knowledge (PK) in the responses to the QUAL-SR prompt.  The CK and PK excerpts 
made up 46% of the responses when the participants cited what had influenced their 
confidence about being able to teach science.  Of all the possible factors that could 
influence self-efficacy almost half the time these preservice teachers cited CK and PK.  
In light of the fact that 70% of these preservice teachers (freshman and sophomores) may 
have been answering the QUAN-SR and QUAL-SR prompts in the context of taking their 
first or second science content course with little to no field experience their responses 
may have reflected a narrow understanding of their own science teaching self-efficacy 
beliefs.  Whereas the 30% (juniors and seniors) of the preservice teachers who had taken 
more science content courses and had some field experiences would have a more robust 
understanding of their self-efficacy.  For this 30% their QUAN-SR and QUAL-SR 
responses would reflect this more complete understanding causing their QUAN-SR score 
to correlate more closely with their STEBI-B score.   
It seems the STEBI-B due to its design measures a more comprehensive view of 
the science teaching self-efficacy of a preservice elementary teacher and the QUAN-SR 
tool a more specific view focused just on the preservice teachers frame of mind at the 
time of testing.  In light of this conclusion the STEBI-B instrument might only be a valid 
quantitative self-efficacy instrument to use for overall self-efficacy testing especially on 
preservice teachers who have a robust understanding of their self-efficacy, those further 
along in their training.  The QUAN-SR and QUAL-SR instruments might do a better job 
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of measuring levels of self-efficacy and identifying specific sources of self-efficacy in the 
less experienced preservice elementary teachers with a narrow understanding of self-
efficacy.   
Research Question 2- Identification of Self-Efficacy Factors 
The second research question, ‘What factors do preservice elementary teachers 
identify as influencing their science teaching self-efficacy?’ was answered with these 
resulting five categories of factors developed from the qualitative analysis; Cognitive 
Knowledge, Experiences as a Student, Emotional State, Experiences as a Teacher and 
Outside Factors.  These five categories have many similarities to the six sources of self-
efficacy from Bandura (1977) and Palmer’s (2006) research mentioned in the theoretical 
framework of this paper.   
The Participant’s Cognitive Knowledge Category ties in with both the Cognitive 
Content Mastery and Cognitive Pedagogical Mastery sources Palmer (2006) developed to 
explain the influence understanding science concepts and understanding a variety of 
methods for teaching science has on preservice teachers’ science teaching self-efficacy.  
The Experiences as a Student Categories has many of the same elements as the Vicarious 
Experiences source of self-efficacy in which the preservice teacher is measuring their 
ability to teach by how they see others do it (Bandura, 1977; Palmer, 2006).  In this study 
the preservice teacher experienced ‘watching others do the teaching’ as a student in a 
science classroom during their educational experiences.  The Participant’s Emotional 
State Category is identical to the Emotional Arousal source of self-efficacy (Bandura, 
1977; Palmer, 2006).  In both cases, the preservice teacher’s feelings of fear, joy, passion 
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or nervousness influenced their science teaching self-efficacy beliefs.  The Participant’s 
Experience as a Teacher is very close to the Enactive Mastery Experiences self-efficacy 
source in which practice and experience actually doing the teaching is the factor that 
affects preservice teacher’s self-efficacy for science teaching (Bandura, 1977: Palmer, 
2006).  The Outside Factors Categories of this study does not have a perfect fit with any 
of the six previously identified sources of self-efficacy.  However, it does have some of 
the same elements as the Verbal Persuasion source of self-efficacy (Bandura, 1977; 
Palmer, 2006).  In this study, factors from the outside like mentors, future students’ 
attitudes or textbooks and other teaching materials influence the preservice teacher’s 
belief that they would be either good or bad at science teaching (Bandura, 1977; Palmer, 
2006).   
These five categories developed from the factors cited in the QUAL-SR 
documents.  As mentioned above the QUAL-SR instrument allowed the participant the 
freedom to cite the factors that were forefront in their mind not leading them in any 
direction.  Because the study collected these factors at the beginning and end of a science 
content course it follows that many of the participants would focus on what was about to 
happen or what did happened during that course when responding to the self-reflective 
prompt.  The course’s influence plays out in the development of the largest category, 
Participant’s Cognitive Knowledge (including both CK and PK).  A large portion of the 
total responses from the participants in this study was contained in this category.  The 
participants responded that knowledge of science content and science teaching practices 
had the most influence on their confidence about teaching science (cited 84 out of 181 
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total citations).  Another interesting aspect of the Cognitive Knowledge Category is that 
the influence of the factors in this category changed from having a strong negative 
influence on self-efficacy at the beginning of the semester to having a positive influence 
by the end.  This shift in influence could be responsible for the significant increase in 
self-efficacy measured between the pre and post-test QUAN-SR scores (p-value <.001).  
In other words, this type of science content course does seem to help increase the 
cognitive knowledge piece of self-efficacy for preservice elementary teachers, reflected 
in the increased QUAN-SR scores from pre to post-collection in this study.   
On the other end of the spectrum the Experiences as a Teacher Category 
contained the least excerpts in this study (only 16 of the 181 total citations).  It was also 
the only category to show a negative influence on self-efficacy at the beginning and at the 
end of the test period.  Six out of seven of the pre-excerpts and seven out of nine of the 
post-excerpts showed the factors in the Experiences as a Teacher Category to be negative 
influences on the science teaching self-efficacy of the preservice teachers in this study.   
These results seem to conflict with Bandura’s (1977) conclusion that the Enactive 
Mastery Experience source (which ties closely to this category) is the most important 
source for predicting self-efficacy.  An explanation for this discrepancy might lie in the 
demographics of the study participants.  A large number of the preservice teachers in this 
study were freshman or sophomores, 70% of the participants.  This less experienced 
group was probably not involved in any field teaching experiences during the test period 
but only a science content course.  It is most likely that the focus of this majority of the 
participants would have been on how cognitive knowledge was affecting their science 
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teaching self-efficacy not including any influence that actual teaching experience might 
have on their self-efficacy beliefs.  This narrow focus of what was influencing their self-
efficacy would have come through as they answered the QUAL-SR prompt, giving rise to 
the low number of citations for the Experience as a Teacher Category and the high 
number of citation in the Cognitive Knowledge Category that is seen in this study.  It also 
follows that the negative influence on science teaching self-efficacy that this category had 
on this majority portion of the test participants would not change over the course of the 
test period because the participants would have no new experiences being a teacher to 
affect that change.   
Implications for Education 
Because Bandura (1977) considers the factors that make up the Experience as a 
Teacher Category most important to increasing overall self-efficacy it is of concern that 
this category was the least cited by the preservice teachers in this study.  The fact that a 
majority of the participants in this study were probably taking only a science content 
course during the test period seems to point to the conclusion that science content 
coursework does not include opportunities for a preservice teacher to increase self-
efficacy by practicing being a teacher.   
In order to maximize the positive effect on science teaching self-efficacy during 
science content coursework it might be a good idea to take advantage of the synergistic 
affect Bandura (1977) discovered and include more than one factor in a learning 
experience like a science content course.  In order to do this educators may want to 
consider adding some element of teaching to all the science content courses preservice 
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elementary teachers are required to take.  The added teaching element could be a simple 
one-concept lesson or a whole unit of study but it should include teaching of actual 
elementary age students in order to have the most powerful influence on self-efficacy.  A 
study done by Bykerk-Kauffman (2011) looked at the results on preservice teacher 
learning when 340 preservice elementary teachers, enrolled in a science content course, 
were required to teach a specific science lab during the course.  In the first group (N= 
120), the preservice teachers taught the lab to a group of their peers; in the second 
(N=127) and the third (N=93) groups, they taught the science lab to a group (2-4) 
elementary students.  Bykerk-Kauffman found that the increase in the participant’s 
learning was the greatest when they taught the lesson to the elementary students.  It was 
also interesting to note that 88% of the participants commented in their end of the course 
analysis that they found the teaching experiences valuable and over half, 51%, said they 
were the most valuable aspect of the entire course.  One participant commented that the 
teaching experiences were the most beneficial thing they had done in any class at college.  
Getting the elementary students to the college campus was facilitated by their local 
teachers bring the elementary students on a field trip to the college.  The field trip 
atmosphere of the experience for the elementary students could also be a positive benefit 
on their learning and enthusiasm for science (Bykerk-Kauffman, 2011).   
This kind of teaching element added to science content coursework would 
increase the number of factors influencing a preservice teacher’s self-efficacy beliefs.  
The synergistic effect of these factors would make preservice teachers’ science content 
coursework a more robust learning experience.  This in turn could have a dramatic effect 
 
68 
on increasing the overall science teaching self-efficacy of the preservice elementary 
teacher. 
Limitation of the Study 
When interpreting the results of this study one must proceed with caution.  In 
order to confirm the results more data about what other educational experiences the 
participants were involved in over the course of the semester would be helpful.  The 
study population was also small for the quantitative part of this research.  A larger 
population size with a more even distribution between males and females would help 
support the conclusions of this study.   
Future Research 
A follow-up study done using the same type of mixed method design and self-
reflective instruments would be helpful in confirming the conclusions of this study.  If the 
researchers designed the study to look at factors influencing the self-efficacy beliefs of 
preservice elementary teachers before and after a semester of student teaching versus a 
semester of science content coursework the study might be able to show different factors 
influence self-efficacy depending on the type of learning experience the preservice 
elementary teacher is having.  A study like this might also show how much influence 
each factor has on increasing the science teaching self-efficacy in those different learning 
experiences.  Morrell and Carroll (2003) examined  the administration of the STEBI-B in 
three different types of course work; science methods course work, student teaching and 
science content course work.  They found significant normalized gains in self-efficacy 
only in the science methods courses.  Doing this same type of study using the mixed 
 
69 
method design of this study could shed some light on whether there were different factors 
involved in the increase or lack of increase seen in these three different types of course 
work.   
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APPENDIX C 
QUAN-SR AND QUAL-SR PRE AND POST-PROMPTS  
 
 
Inquiry Into Earth Science 
Essay - Week 1  
Science Experience Essay 
 
 
The Assignment 
For this assignment, you will write a short essay on describing your past experiences 
with science. Your paper should discuss the following topics: 
Past Science Experience  
• Describe the ways in which your teachers taught science and give examples 
• What is your favorite science class experience? Explain why. 
• What is your worst science class experience? Explain why. 
• How much science did you learn outside of school? Explain why or why not. 
• How would you rate your science learning experiences on a scale of 1 (horrible) 
to 10 (excellent) and support your assessment. 
Teaching Science 
• Do you have any thoughts on teaching science? (Do you dread it? Look forward 
to it? Want to emulate a teacher? Want to avoid making the mistakes of a 
teacher?) 
• How confident are you in your ability to currently teach science? Rate your 
confidence on a scale of 1 = not confident to 10 extremely confident. Explain why 
you feel this way. 
• Describe what you consider to be the ideal elementary or middle-school science 
lesson, unit, or class. Why is that ideal? 
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Inquiry Into Earth & Space Science 
Earth Science Reflection Essay #2 
 
The Assignment 
For this assignment, you will reflect on your experiences in 
this class and write a short essay describing your thoughts. This 
paper is meant to be a description of what you think, know, or believe, consequently there 
are no “right” answers. Many of the items are similar to the assignment from August. Do 
not copy what you wrote then. I want to see your current opinions about each topic. If 
you have negative comments or if you haven’t changed, say that!! Just be sure to support 
your claims with examples or evidence. As long as you provide supporting details, you 
will receive full credit regardless of what you say. Your paper should discuss the 
following topics: 
Nature of Science 
• Define science in your own words and give two items that make science unique? 
(In other words, what makes some information or an action “scientific”?) 
• At the beginning of the semester we talked about some of the misconceptions 
regarding science and scientists. As the class has progressed, how has your 
thinking or view of science changed? (Or has your thinking not changed at all?) 
Give an example or two to illustrate your point. 
• Describe both your attitude towards science in general and Earth science in 
particular. (What do you think of science and Earth science?) Has it changed since 
the start of the year? Give some examples to illustrate your point. 
Teaching Science 
• Do you have any thoughts or feelings on teaching science? (Do you dread it? 
Look forward to it? Want to emulate a teacher? Want to avoid making the 
mistakes of a teacher?) 
• How confident are you in your ability to currently teach science? Why do you feel 
this way? Give some examples. Rate your confidence on scale of one to ten 
where… 
o 1 = I would do a horrible job and fail miserably 
o 5 = I would do an okay job 
o 10 = I would do an excellent job. 
• How comfortable are you towards teaching science? Why do you feel this way? 
Give an example or two. Rate your feelings on scale of one to ten where… 
o 1 = Scared. (I’d rather teach anything other than science) 
o 5 = I would rather teach something else but could do it if I had to. 
o 10 = I would rather teach science over any other subject. Science Rocks!! 
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APPENDIX D  
CONSENT FORM 
UNIVERSITY OF NORTHERN IOWA 
HUMAN PARTICIPANTS REVIEW 
INFORMED CONSENT  
Project Title: Assessing Trends in Educational Outcomes for an Inquiry-Based Earth 
Science Course for Preservice Teachers. 
Investigator: Dr. Kyle Gray (Earth Science and Science Education) 
 
Invitation to Participate: You are invited to participate in a research project conducted 
through the University of Northern Iowa. The University requires that you give your 
signed agreement to participate in this project. The following information is provided to 
help you made an informed decision about whether or not to participate. 
 
Nature and Purpose: This project will identify the best ways to teach this course by 
studying how you matured as a future science teacher. This is an important question 
because you will be teaching science topics, and we want to provide the best possible 
training before your first job.  
 
Explanation of Procedures: As part of an on-going research project, I am conducting a 
research project on the ways in which this course will help you become a better science 
teacher. As part of this course, you have completed the Geoscience Concept Inventory 
and a survey of Science Attitudes. You have also completed several assignments, 
quizzes, and exams. I would like your consent to use these data in my research project. I 
will compare your responses on these two assessments with answers you gave on exams 
and other course assignments. This will provide a picture of how completing this course 
has changed your confidence to teach earth science and your understanding of earth 
science concepts.  
 
The data from this study might also be included in future studies. 
 
Discomfort and Risks: There are no foreseeable risks to participation. 
 
Benefits and Compensation: Participants in this study will be eligible for a $25 gift card 
from Target. You will earn one entry into the drawing for completing the pretest in 
August and you will earn a second entry if you choose to complete the survey again in 
December. The winner will be contacted via email at the end of the semester and the 
results of the drawing will be kept confidential.  
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Confidentiality: Information obtained during this study which could identify you will be 
kept confidential. I will remove your name from ALL assignments, exams, and surveys 
and replace them with a project ID code or pseudonym. A document linking your name to 
the corresponding ID code or pseudonym will be stored separately from all project 
materials. The summarized findings with no identifying information may be published in 
an academic journal or presented at scholarly conferences. Your instructor will not know 
whether or not you participated in this study, nor will I inform them of your responses. If 
I am your instructor, I will not know if you have chosen to participate until after grades 
have been submitted. All responses will remain confidential. 
 
Right to Refuse or Withdraw: Your participation is completely voluntary. You are free 
to withdraw from participation at any time or to choose not to participate at all, and by 
doing so, you will not be penalized or lose benefits to which you are otherwise entitled. 
Agreeing to participate now does not obligate you to participate in any future activities 
such as interviews or follow up assessments. 
 
Questions: If you have questions about the study you may contact or desire information 
in the future regarding your participation or the study generally, you can contact Dr. Kyle 
Gray at    (319) 273-2809 or the Department of Earth Science, University of Northern 
Iowa, at                (319) 273-2759. You can also contact the office of the IRB 
Administrator, University of Northern Iowa, at 319-273-6148, for answers to questions 
about rights of research participants and the participant review process. 
 
Agreement:  
 
I am fully aware of the nature and extent of my participation in this project as 
stated above and the possible risks arising from it. I hereby agree to participate 
in this project. I acknowledge that I have received a copy of this consent 
statement. I am 18 years of age or older. 
 
 
_________________________________     ____________________ 
(Signature of participant)                                  (Date) 
 
 
_________________________________ 
(Printed name of participant) 
 
 
_________________________________     ____________________ 
(Signature of investigator)                                (Date) 
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APPENDIX E 
 QUANTITATIVE DATA SPREADSHEET  
 
ID Number Pre PSTE Ave. Pre PSTE Total Post PSTE Total Post PSTE Ave. Pre QUAN-SR Post QUAN-SR PSTE Hake QUAN-SR Hake Semester Gender UNI Year Age # Undergrad Sci Courses Taken
122001 2.538461538 33 44 3.384615385 3 7 0.34375 0.571428571 Fall 2012 1 1 18 0
122003 3.076923077 40 50 3.846153846 3 4 0.4 0.142857143 Fall 2012 1 1 18 0
122004 4.307692308 56 60 4.615384615 8 9 0.4444444 0.5 Fall 2012 1 1 18 0
122006 3.615384615 47 46 3.538461538 5 5 -0.055556 0 Fall 2012 1 1 18 0
122010 3.076923077 40 49 3.769230769 4 6 0.36 0.333333333 Fall 2012 1 1 18 0
122011 4.076923077 53 49 3.769230769 6 5 -0.333333 -0.25 Fall 2012 1 1 18 0
122014 3 39 47 3.615384615 4 7 0.3076923 0.5 Fall 2012 1 1 18 0
122020 3.846153846 50 48 3.692307692 6 7 -0.133333 0.25 Fall 2012 1 1 18 0
122022 3.538461538 46 50 3.846153846 4 8 0.2105263 0.666666667 Fall 2012 1 1 18 0
122028 3.769230769 49 53 4.076923077 4 5 0.25 0.166666667 Fall 2012 1 1 18 0
122032 3.384615385 44 46 3.538461538 3 9 0.0952381 0.857142857 Fall 2012 1 1 18 0
122040 2.615384615 34 47 3.615384615 5 5 0.4193548 0 Fall 2012 1 1 18 0
122043 3.461538462 45 45 3.461538462 6 7 0 0.25 Fall 2012 1 1 18 0
122045 3.230769231 42 48 3.692307692 3 7 0.2608696 0.571428571 Fall 2012 1 1 18 0
122046 4 52 56 4.307692308 4 8 0.3076923 0.666666667 Fall 2012 1 1 18 0
121015 2.846153846 37 46 3.538461538 5 4 0.3214286 -0.2 Spring 2012 1 1 18 1
122052 3.384615385 44 57 4.384615385 3 6 0.6190476 0.428571429 Fall 2012 2 1 18 0
122053 3.538461538 46 56 4.307692308 4 8 0.5263158 0.666666667 Fall 2012 2 1 18 0
121004 2.923076923 38 45 3.461538462 7 7 0.2592593 0 Spring 2012 1 2 18 0
121009 2.538461538 33 38 2.923076923 7 5 0.15625 -0.666666667 Spring 2012 1 1 19 1
121020 2.846153846 37 38 2.923076923 2 1 0.0357143 -0.125 Spring 2012 1 2 19 0
121007 2.923076923 38 42 3.230769231 2 5 0.1481481 0.375 Spring 2012 1 2 19 1
121024 2.384615385 31 44 3.384615385 4 6 0.3823529 0.333333333 Spring 2012 1 2 19 1
122012 2.846153846 37 40 3.076923077 5 5 0.1071429 0 Fall 2012 1 2 19 2
122027 3.769230769 49 51 3.923076923 6 7 0.125 0.25 Fall 2012 1 2 19 2
122023 3.692307692 48 47 3.615384615 6 7 -0.058824 0.25 Fall 2012 2 2 19 1
122048 2.230769231 29 34 2.615384615 7 3 0.1388889 -1.333333333 Fall 2012 1 3 19 1
122056 3.230769231 42 48 3.692307692 4 7 0.2608696 0.5 Fall 2012 1 3 19 2
122019 3.923076923 51 55 4.230769231 6 8 0.2857143 0.5 Fall 2012 1 1 20 1
122025 3.769230769 49 48 3.692307692 6 7 -0.0625 0.25 Fall 2012 1 1 20 1
121011 4 52 54 4.153846154 4 8 0.1538462 0.666666667 Spring 2012 1 2 20 0
121023 3.692307692 48 42 3.230769231 5 8 -0.352941 0.6 Spring 2012 1 2 20 1
121006 3.076923077 40 49 3.769230769 5 8 0.36 0.6 Spring 2012 1 2 20 2
121010 3.538461538 46 47 3.615384615 6 7 0.0526316 0.25 Spring 2012 1 2 20 2
121012 3.538461538 46 51 3.923076923 5 6 0.2631579 0.2 Spring 2012 1 2 20 2
121014 4 52 52 4 9 8 0 -1 Spring 2012 1 2 20 2
121016 3.615384615 47 48 3.692307692 7 9 0.0555556 0.666666667 Spring 2012 1 2 20 2
121018 3.538461538 46 53 4.076923077 4 7 0.3684211 0.5 Spring 2012 1 2 20 2
121019 2.846153846 37 46 3.538461538 5 7 0.3214286 0.4 Spring 2012 1 2 20 2
122050 3.923076923 51 52 4 6 9 0.0714286 0.75 Fall 2012 1 2 20 2
121022 3.692307692 48 51 3.923076923 4 7 0.1764706 0.5 Spring 2012 1 3 20 0
122054 3.538461538 46 49 3.769230769 7 9 0.1578947 0.666666667 Fall 2012 1 3 20 0
122007 3.230769231 42 32 2.461538462 4 5 -0.434783 0.166666667 Fall 2012 1 3 20 1
122026 2.923076923 38 44 3.384615385 2 6 0.2222222 0.5 Fall 2012 1 3 20 1
122035 3.461538462 45 47 3.615384615 3 5 0.1 0.285714286 Fall 2012 1 3 20 1
121013 3.846153846 50 52 4 5 8 0.1333333 0.6 Spring 2012 1 3 20 2
122002 4.538461538 59 64 4.923076923 8 9 0.8333333 0.5 Fall 2012 1 3 20 2
122013 4.384615385 57 58 4.461538462 5 9 0.125 0.8 Fall 2012 1 3 20 2
122017 3.461538462 45 41 3.153846154 7 7 -0.2 0 Fall 2012 1 3 20 2
122038 3.538461538 46 50 3.846153846 5 6 0.2105263 0.2 Fall 2012 2 3 21 2
122009 4.076923077 53 48 3.692307692 7 7 -0.416667 0 Fall 2012 1 4 21 2
122042 2.769230769 36 35 2.692307692 5 5 -0.034483 0 Fall 2012 1 4 21 2
122015 3.076923077 40 42 3.230769231 5 5 0.08 0 Fall 2012 2 3 22 0
122044 4.076923077 53 55 4.230769231 10 10 0.1666667 0 Fall 2012 2 4 22 2
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APPENDIX F 
QUALITATIVE DATA EXCERPTS  
Excerpts from the CK and PK codes that Supports the Participant’s 
Knowledge Categories   
Code Participant 
ID # 
Pre or 
Post  
Excerpt Positive or 
Negative 
Influence 
on Self-
efficacy 
CK 122003 Pre I don’t always understand science completely in 
the first place, and when I do understand, I’m not 
always sure how to explain it to others in a way 
that makes sense verbally. 
 
Negative  
*CK 122010 Pre I do not think I know enough information that I 
have been taught to try and teach it. 
 
Negative 
CK 122014 Pre I think if I get more into science and learn more 
about it then my confidence will go up but right 
now there’s a lot of stuff I don’t know or 
understand. 
 
Negative 
CK 122015 Pre If i can increase my knowledge in science i would 
say i could be confident in my science teaching 
skills, 
 
Negative 
*CK 122022 Pre  I’m not too great at life science so I would need to 
read up and study on that before teaching it. 
 
Negative 
CK 122032 Pre  I also have the knowledge to know what I would 
teach them. 
 
Positive 
CK 122043 Pre I am also apprehensive as I feel as though my 
knowledge is not yet extensive enough to provide 
students with a good science education. 
 
Negative 
*CK 121006 Pre  I feel that I lack some of the basic content 
knowledge needed to be a successful teacher  
 
Negative  
CK 121012 Pre I feel I know some, and probably enough to get by, 
but science is something you really need to know 
in order to teach it. If you don’t know what you’re 
talking about, than your students are going to get 
confused and not know what you’re talking about 
either. 
 
Negative 
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CK 121015 Pre  I am very afraid to teach science because I don’t 
think I know it well enough to be an efficient 
teacher in the subject.  
 
Negative 
*CK 121019 Pre  One of the reasons I am a little hesitant about 
teaching science is because I feel I do not know 
the material that well. 
 
Negative 
CK 122004 Post I feel that with the activities and information you 
taught us, and the knowledge that I already have, 
that I would be a very good science teacher. 
 
Positive 
*CK 122022 Post  I feel like I have grasped most of the concepts 
effectively and could teach elementary kids these. 
 
Positive 
CK 122035 Post I don’t feel comfortable enough to teach science 
right now. I think I need a lot more training in this 
department. Science is hard and is full of 
information.  
 
Negative 
*CK 121006 Post because although I still feel like I have a lot to 
learn, I have normalized gained a lot of content 
knowledge,  
 
Positive 
CK 121014 Post I feel confident in teaching for the same reasons. I 
know now a lot more information then I did before 
 
Positive 
CK 121015 Post Right now, I just don’t feel like I know enough 
information to successfully teach to the best of my 
ability, and I want to be able to understand more 
information before I present to a classroom.   
 
Negative 
CK 121018 Post  I also feel like I don’t know a lot of information 
about science as a subject. That makes me nervous 
about teaching it to my students because I wonder 
how much I really know myself. 
 
Negative 
*CK 121019 Post I have learned about a lot of different topics and I 
feel I understood the concepts a lot better than I 
thought I was going to.  Because of this, I can 
teach different lessons different ways to hopefully 
emphasize both my and my students knowledge of 
the topic.  
 
Positive 
PK 122006 Pre I have a lot of material to learn about science and 
techniques to help students learn, before I feel 
completely confident in teaching young children 
science.  
 
Negative 
PK 122028 Pre  not knowing how to explain a concept so the kids 
would understand. 
 
Negative 
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PK 122038 Pre Simply for the fact that I took science at the 
elementary level but I do not know quite yet how 
best to portray that knowledge onto my future 
students. 
 
Negative 
PK 122040 Pre I do not feel as though I have learned everything 
there is to learn about effectively teaching science.  
 
Negative 
*PK 122043 Pre  I would like to differ from the majority of science 
teachers I had who were dry and boring, however, 
I feel like I do not yet have the knowledge to do 
this. 
 
Negative 
PK 122056 Pre I don’t know many teaching or classroom 
management control strategies yet, 
 
Negative  
*PK 121006 Pre have an inquiry-based learning experience, but I 
do not feel that I know how to provide this type of 
learning  
 
Negative  
PK 121020 Pre  I don’t feel like I would communicate ideas 
effectively. I would have to lecture directly from a 
book, and coming up with fun ways to learn would 
be hard. 
 
Negative 
PK 121022 Pre  I am also not confident with my ability to teach in 
an effective way. I want to use different strategies 
to teach science, but I do not know many yet.  
 
Negative  
PK 121024 Pre I would rate my science teaching ability a *4 
because I really don’t know how to go about it. 
 
Negative  
PK 122002 Post I strongly believe that I have normalized gained a 
better sense of the subject and have witnessed a 
variety of good ways to teach it.  
 
Positive  
PK 122004 Post I feel that with the activities and information you 
taught us, and the knowledge that I already have, 
that I would be a very good science teacher. 
 
Positive 
*PK 122043 Post  I feel like I am better equipped to come up with 
creative, effective ways to teach it.  
 
Positive 
PK 122045 Post  I now know ways to explain and teach science Positive  
*PK 121006 Post  and I feel that I now know how to provide an 
inquiry-based learning experience. 
 
Positive  
PK 121010 Post  I learned many new ways to teach concepts. The 
activities we did in class provided an avenue to 
make learning fun and hands on. 
Positive  
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Summary of Excerpts from the EE code supporting the Participant’s 
Experiences as a Student Categories   
Code Participant 
ID # 
Pre or 
Post  
Excerpt Positive or 
Negative 
Influence 
on Self-
efficacy 
*EE 122002 Pre  By emulating this teacher, I feel very confident 
about teaching a science.  
 
Positive 
EE 122012 Pre Many times I struggled with it and because of that, 
I don’t know how I could make science fun, 
exciting, and easy to understand for my students.  
 
Negative  
EE 122014 Pre Since I never understood it when I was learning it, 
it’s going to be even more difficult to teach it. 
 
Negative 
EE 122017 Pre  Having had good learning experiences in science, I 
am looking forward to teaching students the 
subject of science. 
 
Positive  
EE 122022 Pre  As of right now I don’t feel too confident about 
teaching because I’m a freshman in college,  
 
Negative  
EE 122027 Pre  I am only a sophomore and I feel I need to take 
more of my classes to help me to teach science  
 
Negative  
EE 122045 Pre I never really understood science in junior high, 
and I never really liked it, so I struggled with it 
and I never really tried once I got to high school.  
 
Negative  
EE 122050 Pre  Since I have taken Inquiry into Life Science and 
Inquiry into Physical Science, I am more 
comfortable with those topics. After this semester, 
I will be more confident to teach Earth and Space 
Science topics. 
 
Positive 
*EE 122052 Pre  I feel this way because I am only a freshman, so 
this my first actual class centered around my 
ability to teach. Naturally I assume my confidence 
will grow quite a bit as I continue my education.  
 
Negative  
*EE 122054 Pre  I think that my elementary school teachers did a 
great job teaching science lessons so I don’t have a 
doubt in my mind that I will be able to do just as 
well.  
 
Positive 
EE 121009 Pre  I feel that I have some good ideas to bring to a 
class room and can base my lesson plans on 
previous experiences ‘as a student’ 
Positive  
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EE 122017 Post  After finishing my last science class for my 
science endorsement I feel more comfortable with 
teaching science 
 
Positive 
EE 122056 Post  This class, along with Experiences in Elementary 
School Science, has really helped me to feel more 
confident about teaching science. 
 
Positive  
EE 121007 Post I am fairly confident I would do okay but with 
more classes I think I could be at an 8 or 9.  
 
Positive  
*EE 121011 Post I feel if I take the information from this class and 
from other classes I have had, I will be a very good 
teacher! 
 
Positive  
*EE 121019 Post  After this course I feel more confident in teaching 
science.   
 
Positive  
EE 121024 Post  I will say that taking this class has made me more 
confident in teaching science.  
 
Positive  
 
Summary of Excerpts from the ESP code supporting the Participant’s 
Emotional State Categories   
Code Participant 
ID # 
Pre or 
Post  
Excerpt Positive or 
Negative 
Influence 
on Self-
efficacy 
*ESP 122002 Pre  If I am enthusiastic and confident about the subject 
of science, my students will feed off of my attitude 
and be excited as well.  
 
Positive  
*ESP 122035 Pre  I’m a little scared about teaching science, mostly 
because I don’t think I’m very good at it.  
 
Negative  
*ESP 122044 Pre  due to my enthusiasm for science and the joy I get 
from being an entertainer for children,  
  
Positive 
*ESP 122045 Pre I never enjoyed it as a student and I never found it 
interesting and having to put kids through that 
would just make me feel bad. 
 
Negative 
ESP 121010 Pre This lower number is due the fear of doing 
something new.  
 
Negative 
ESP 122020 Post  I give it that just because teaching it for the first 
time would make me really nervous because I 
wouldn’t want to mess it up. 
 
Negative 
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*ESP 122023 Post If you truthfully are passionate and excited about 
it, then the students will feed off that and push 
themselves as well. 
 
Positive  
ESP 122026 Post I will be completely invested in my students and 
with that, I will find ways to teach everything. I 
believe that I can do anything that I set my mind 
on, 
 
Positive 
*ESP 122054  Post  I feel this way because it is such an interesting and 
unique subject and I know I will have a lot of fun 
teaching it. 
 
Positive 
ESP 121009 Post  I feel that my enthusiasm for teaching wouldn’t 
show through as much as it would for a subject 
like english or literature.  I want to teach a subject 
that I’m passionate about and right now, science 
isn’t that high on the totem pole for me.  
 
Negative 
ESP 121020 Post First and foremost, as I’ve stated above, I don’t 
enjoy science. I can’t teach my students something 
I’m not interested in. 
 
Negative 
ESP 121024 Post I’m not a big science enthusiast and I think that 
will show through my teaching. 
 
Negative  
 
 
 
 
Summary of Excerpts from the P/E code supporting the Participant’s 
Experience as a Teacher Categories   
Code Participant 
ID # 
Pre or 
Post  
Excerpt Positive or 
Negative 
Influence 
on Self-
efficacy 
P/E 122027 Pre  I believe I need some more pointers and practice.  
 
Negative 
P/E 122032 Pre mainly because I’ve never had experience teaching 
science 
 
Negative 
P/E 122053 Pre  I did a program in high school called Cadet 
Teaching which was like student teaching for high 
school students.  I taught fifth graders science.  It 
was fun to teach and they seemed to learn concepts 
well when seeing and dealing with physical things 
like rocks, boats, things that spin, flick, bounce 
and buzz.  
Positive 
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*P/E 121007 Pre I need to normalized gain more knowledge and 
experience with the different levels of science 
before I try to master teaching any of it.  
 
Negative  
P/E 121018 Pre That’s because I haven’t had experience teaching 
this subject yet,  
 
Negative 
*P/E 122009 Post As far as teaching science goes, I am a little 
unsure. I really don't have any experience teaching 
a science lesson. I have gotten the opportunity to 
teach lessons in every single subject, except for 
science. 
 
Negative 
P/E 122044 Post  From past experiences of assisting in teaching a 
fifth grade science class as a freshman, I learned 
that I am very good at making children understand 
concepts having to do with science as well as 
keeping the students entertained and eager to learn.  
  
Positive  
*P/E 122027 Post I enjoy it so much but I still think I need some 
more practice to be able to teach it.  
 
Negative 
*P/E 121023 Post  I think I did a good job teaching it in my Level 2’s. 
 
Positive 
 
 
 
Summary of Excerpts from the SE, TM and M codes that Supports the 
Development of the Outside Factors Categories   
Code Participant 
ID # 
Pre or 
Post  
Excerpt Positive or 
Negative 
Influence 
on Self-
efficacy 
*SE 122044 Pre  I will be able to be very successful in keeping the 
classroom a fun and productive environment for 
learning and this will cause the children to be 
excited about science every day which could even 
push the students to wanting to learn even more 
outside of class. 
 
Positive 
*SE 122046 Pre I would not feel comfortable answering all the 
students’ questions.  
 
Negative  
*SE 122048 Pre  I also know that it will be hard to get some 
students to like science due to their previous 
experiences. 
 
Negative 
*SE 122012 Post I am confident in my ability to try and make things 
fun and interesting for the students. 
Positive   
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*SE 121004 Post I think I’ll be a bit nervous the first few science 
activities I do, just because you don’t know 
exactly how the kids you’re teaching will react, 
but once I get a feel for what they like and dislike, 
it will be a lot easier. 
 
Negative 
SE 121016 Post I feel pretty comfortable teaching lower grades 
because for most of them it will be the first time 
they ever learn most things you teach them. 
 
Positive 
SE 122042 Post My biggest fear of teaching science is that i will 
not be able to answer the students questions that 
they have.  
 
Negative 
TM 122004 Pre  I know that with the help of others, the internet, 
and books I will be able to make science and 
learning fun again and teach it in a way that makes 
children love it! 
 
Positive 
*TM 122046 Pre  I know I could teach from a book, 
 
Positive  
*TM 122007 Post I think I could do an excellent job if I was 
provided with enough information and materials to 
teach the classroom. 
 
Positive 
*M 122019 Pre  I would have a lot to learn, but I feel as though I 
have enough mentors through past teachers that I 
think I could do it.  
 
Positive 
M 122023 Pre  come up with more and more ideas through 
different conferences and cooperation with other 
professionals that will make me more confident 
though. 
 
Positive  
 
 
